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CONSIDERATIONS IN THE TREATMENT 
OF RETICULOEN DOTHELIOSIS* 


IHE JANEWAY LECTURE, 1964 


By HAROLD W. DARGEON, M.D. 


MPORTANT studies from many clini- 
cal^*52?? and experimental! 15.23.25.26,29 
sources during the last 2 decades have 
measurably increased our understanding of 
some of the remarkable activities of the 
reticuloendothelial  svstem.!?!92530 The 
pathologic states are still acceptably 
grouped into three general categories, the 
lipid, the infectious, and the reticuloendo- 
thelioses. The genetic factor in the first 
group, the lipoidoses, which includes Nie- 
mann-Pick, Tay-Sachs, and Gaucher’s dis- 
eases, continues to be reaffirmed and the 
prognosis is still serious to hopeless. The 
infectious granulomas, which form the next 
group, caused by many varieties of micro- 
organisms, including bacteria, fungi, and 
viruses, are now in many instances amen- 
able to therapy by antibacterial drugs. The 
third group, known by various terms such 
as reticulogranuloma, histiocytosis x, and 
here as reticuloendotheliosis, has been re- 
celving increasing attention for several im- 
portant reasons. First, there is frequently a 
great disparity between the clinical and 
«p 
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anatomie manifestations of the disease. 
Then the variability of the course in differ- 
ent patients may be extreme in spite of 
identical histologic findings. In some chil- 
dren the process may be only a localized, 
relatively innocuous condition, while in 
others the involvement may be widely 
disseminated, acute, subacute, or chronic 
in duramon, and perhaps incurable by 
current modalities. Furthermore, the path- 
ology of some of the less differentiated 
varieties may suggest a malignant neoplas- 
tic process. It is evident that attempts to 
include so many possible syndromes in the 
categories of eosinophilic granuloma, Hand- 
Schuller-Christian disease and Letterer- 
Siwe disease will fail and not succeed in 
embracinz all the clinical presentations ob- 
served. Confusion, particularly with respect 
to therapy and prognosis, has resulted from 
this endeavor. While many authorities!?21.22 
consider the three members of this group to 
be different pathologic degrees, namely 
exudative, proliferative, or fibrotic, of the 
same process, the clinical manifestations 
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are too diverse to conform to this micro- 
scopic classification alone. 


MATERIAL AND METHODS 


Sixty-two cases of reticuloendothelioses 
in children were reviewed. One was a New 
York Hospital case, 5 were from St. Luke's 
Hospital, and 56 were from Memorial Hos- 
pital. 

Fifty-two of the cases may be classified, 
some with reservations, under one of the 
three following syndromes: (1) solitary 
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(eosinophilic granuloma); (2) disseminated 
(Hand-Schüller-Christian. syndrome); (3) 
malignant (Letterer-Siwe syndrome). In 
addition, there were 10 patients in whom 
the anatomic findings, the clinical presen- 
tation and response to therapy were sufh- 
ciently unique to warrant classifying them 
as "variants." (Table 1). 


SOLITARY: EOSINOPHILIC GRANULOMA 


There were 24 cases in this group (Table 
II). 





















































TABLE TI 
SUMMARY OF 62 CASES OF RETICULOENDOTHELIOSIS (JUVENILE AGE GROUP) 
No. of Fe- | Age |No.of 
asian il 4: X í 
Variety Cases Male | mal (yr.) | Cases Status 
Solitary 24 13 [i^ <2 6 | bs NED" 
(eosinophilic granuloma) | 1-4 yr.: g 
3 4 $—10 yr.: IO 
4 3 10+ yr.: § (4 lost to follow-up) 
£—13 LI 
Disseminated 18 13 5 «2 jp | be NED 
(Hand-Schüller-Christian 6-9 yr.: I B5 
syndrome) 374 8 10+ yr.: 6 (2 have diabetes insipidus) 
L: D. Active 
I-4 yr.: 6 
10-+ yr.: I 
Died 
3 yr. A.O.: medulloblastoma 
14 yr. A.O.: xanthomatosis, astrocytoma 
Malignant 10 7 3 <3 7 Died 
(Letterer-Siwe syndrome) 1 yr. A.O.: 7 
3 3 | 1-2fyr. A.O.: 3 
Variants 10 6 at" pu 9 L: NED 
I-15 yr. A.O.: 5 
11 I 

















* Two Orientals, ** 1 Negro, 
L:NED= Living, no evidence of disease. 
L:D. Active= Living, disease active. 

| A.O.= After onset. 


L: D. Active 


2 and 10 yr. A.O.: 2 
| 


Died 
| I yr AO: 3 
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Treatment of Reticuloendotheliosis £23 


Tage H 


SUMMARY OF SOLITARY CASES (EOSINOPHILIC GRANULOMA) 
13 Males—11 Females,* Total: 24 


Mn ——————-——— RR 


MAE ——————————— REPRE 


i 
Age (yr.) | No. of Cases | Status 
feet ae EITA awa! eae een ae Wore p EOE St m 
«2 i 6 | 1-4 yr. (4) ; 
3 | 4 | £—10 yr. (10) L: NED 
4 | 3 | 104- yr. (5)—4 lost to follow-up! 
5-13 | T 


* Two Orientals, 
L:NED= Living, no evidence of disease. 


Age and Sex. Thirteen were under § years 
of age. There were 13 boys and 11 girls. 

Symptoms. Twenty-three of the 24 pa- 
tients were In pain, an important symptom 
of many serious bone diseases in the young. 
Swelling and tenderness at the site of the 
lesion were present in almost two-thirds of 
the cases. 

Sites. Various bones were involved, but 
more flat bones (15) than tubular (11) were 
affected. Only 2 patients had skull lesions. 
One of these 2 also had disease in a rib, the 
other in the left radius. 

Diagnosis. The difficulties in roentgeno- 
graphic diagnosis were confirmed bv the re- 
ports forwarded from referring physicians 


nd ML M E r——————————--A—A-—M——— RR 


and various institutions. There were only 
IO correct original diagnoses, & were equiv- 
ocal or doubtful and 9, że., more than one- 
third, were diagnosed as a malignant tumor 
or as an infection. 

Treatment. In 22 of the 24 children, 
treatment was instituted promptly -—less 
than 8 weeks from apparent onset. The 
measures used were: biopsv alone in 2 cases 
and surgery alone in $ cases. Biopsy or sur- 
gery with chemotherapy was used in 4 
cases and biopsy or surgery with irradiation 
In 13 cases. 

Status. Twenty patients are living with 
no evidence of disease. Five are living more 
than 10 vears, 1 of whom is living 33 vears 


Tas III 


SUMMARY OF DISSEMINATED CASES (HAND-SCHÜLLER-CHRISTIAN SYNDROME) 





* Elsewhere. 

L:NED= Living, no evidence of disease. 
L:D Active: Living, disease active. 
A,O.= After onset. 


14 yr. (6) 


. A.O. xanthomatosis-astrocytoma 
'r. ALO. 
» A.O. 


PT 


from onset; 10 are living 5 to 9 years after 
onset and 5 are living 1 to 4 years after on- 
set. Four were lost to follow-up. 


DISSEMINATED RETICULOENDOTHELIOSIS: 
HAND-SCHULLER-CHRISTIAN SYNDROME 

There were 18 
(Table i1). 

Age and Sex. : 
10 were under 2 
bovs and 5 girls. 

Symptoms. Pain was present in only 101n- 
stances, but swellings occurredin 13 patients. 

Diagnosis. Roentgenographic pott 
was correct in 17 of the 18 patients. The 
skull was involved in 16 patients; the char- 
acteristic calvarial defects simplified the 
diagnosis. The total number of bones in- 
volved ranged from 3 to 8. Only 2 patients 
had the so-called classic triad of the Hand- 
Schüller-Christian syndrome, including 
proptosis, osteolytic calvarial defects, and 
diabetes insipidus. 

Treatment. This was not promptly insti- 
tuted; only 4 children received therapy less 
than 8 weeks from onset; § were sick 3 to 9 
months before receiving treatment, and 9 
had symptoms from 1 to 3 years prior to 

therapy. Five patients were treated by 

irradiation following biopsy. Four children 
had surgical curettage, irradiation. and 
chemotherapy. Eight patients were treated 
by biopsy, irradiation, and chemotherapy, 
and 1 patient was treated by biopsy and 
chemotherapy. 

Status. Fourteen patients are living, 7 of 
whom are living § to 15 years with no evi- 
dence of disease. Of the remaining 7 living 
patients, 6 are living 1 to 3 years with active 
disease and t is living vi years with active 


patients in this group 


All were 4 years old or less; 
years of age. There were 13 
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though indolent disease. Two of the chil- 
dren have diabetes insipidus controlled by 
pitressin insuflations. 

Of the 4 patients who have died, 1 had 
central nervous system xanthomatosis and 
an astrocytoma. This child survived 14 
years after onset. Another patient who died 
had a medulloblastoma. This boy received 
7,880 r to the head and neck at another in- 
stitution from his fourteenth to forty- 
second month of age. Data on the 2 2 other 
children, who expired elsewhere, are not 
available. 


MALIGNANT: LETTERER-SIWE SYNDROME 


In this group there were 1o children 
(Table 1v). 

Age and Sex. All were under § years of 
age. There were 7 boys and 3 girls. 

Symptoms. The clinical presentation and 
course of the disease were quite different 
from those of the previously described syn- 
dromes. Nine children had histories of per- 
sistent illness, often from birth, including 
otitis media, stomatitis, recurrent respira- 
tory infection, and refractory seborrhea or 
eczema. All 1o had significant enlargement 
of the liver or spleen, or both. Five showed 
skeletal disease on roentgenographic exami- 
nation. One child showed healing lesions of 
the skull despite a declining fatal course. 
Nine children were anemic and 3 had 
thrombocytopenic purpura. Two of a total 
of 6 bone marrow examinations were nor- 
mal; 1 suggested monocytic leukemia, 2 
showed a significant increase in reticulum 
cells and 1 demonstrated many neoplastic 
cells believed to be of the reticulum-cell 
ty pe. 

Treatment. Four patients received irradi- 
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SUMMARY OF MALIGNANT CASES (LETTERER-SIWE SYNDROME) 
= Males—3 a. Toor 


Age (yr.) | No. of Cases 
«n a 
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Died 
<1 yr. after onset (7) 
1-2 yr. after onset (3) 
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Treatment of Reticuloendotheliosis 


TABLE V 


SUMMARY OF ““VARIANTS” 


eremo vou ati Pet tana ah de de ona m m REE A Oe Gt M E i 


Age (yr.) No. of Cases 


<I $ 
2 2 Males 6 Total: 1o 
3 2 Females 4 
I1 I 
Symptoms 
swelling—7, lymphadenopathy---6, liver enlargement—6, spleen enlargement—4, 
fever—5, pain—$, rash, infection—$, anemia—4, triad*—2, obesity—1, heart 
(congenital)—1, dislocated hip-~1 


Skeletal involvement 
multiple—6, skull only—1 


Therapy 
Surgery Roentgen Therapy Chemotherapy 
JT F zd 
o s T 
e o e 
dr n5 o 


ation to osseous lesions, 1 patient with 
thrombocytopenic purpura had a splenec- 
tomy, and all received various chemothera- 
peutic agents, including: steroids, 6; nitro- 
gen mustard, 3; methotrexate, 4; and 
purinethol, 3. All died less than 2 years after 
onset, 7 patients in less than 1 year. Four 
had necropsies with the following findings: 
two had malignant reticuloendotheliosis, 1 
had malignant reticuloendotheliosis or re- 
ticulum cell sarcoma, and another had 
Hand-Schiller-Christian disease with mul- 
tiple lesions. 


VARIANTS 


Ten patients, 6 bovs and 4 girls, all ex- 
cept I under 4 years of age (5 were less than 
6 months old, 4 were aged from 24 to 36 
months, and 1 was 11 years of age), had 
several unusual features and are therefore 
classified as variants (Table v). 

Symptoms. The onset usually was acute 
but no consistency was noted otherwise in 
the initial presentations. 


Status 
3 living-——15, 6, 2, yr. after onset 
I dead— 1 yr. after onset 


2 hving—t10, 9 yr. after onset 
i dead—1 vr. after onset 


2 hving—6, 1 vr. after onset 
3 


1 dead-—1 yr. after onset 


Diagnosts. Lymphadenopathy was pres- 
ent in 6 patients; pain, infections, fever and 
rash occurred in $ children, and anemia in 
4. The liver was enlarged in 6, the spleen in 
4 patients. One marrow examination 
showed a moderate eosinophilia, while in 7 
others marrow studies were normal. The 
Hand-Schüller-Christian triad was present 
in 2 patients. Skeletal involvement oc. 
curred in 7. 

Treatment. ‘Treatment was instituted 
within 8 weeks in all to cases. There are 
seven survivors without evidence of dis. 
ease I to 1 5 years after onset. Four of these 
according to some pathologists had malig- 
nant reticuloendotheliosis. Three survivors 
received surgery, irradiation, and chemo- 
therapy, 2 had biopsy, irradiation and 
chemotherapy, and 2 biopsy and chemo- 
therapy. 

Of the 3 patients who expired, 1 died of 
disseminated — reticuloendotheliosis; this 
child had been treated by surgery and ir- 
radiation. Another, who also gave evidence 


a 


Fic. 
frontal bone in a boy aged 16 months. Histologic 


1. M.D. October 2, 7056. Osteolytic eetect of left 


diagnosis was Letterer-Siwe 
roentgen radiation, 500 r, and chemetherapy (6- 
mercaptopurine, 25 mg. daily for 4 months, then 
intermittently for 6 months). 


disease. Treated by S 


of disseminated reticuloendothe tosis, re- 
ceived surgery, irradiation, anq chemo- 
therapy. The third patient who died, aged 
11 vears, had malignant reticuloead iothelio- 
sis and received, following biops ', irradia- 
tion and chemotherapy. 


COMMENT 


A summary of the foregoing dita regard- 
ing the 62 cases of reticuloendo: heliosis is 
given in Table r. The slight ma e prepon- 
derance, 39 boys to 23 girls may be due to 
the limited number of patients in this se- 
ries. There was 1 Negro, 2 childrea were Ori- 
entals and all others were white. 
the 62 children were under 5 vears of age, 
28 of whom were less than 2 wears old. 
one the 38 eat in i iq cat. 
SUR E child over § years ee nee E nou af L1 
vears, whose diagnosis was Lerterer-Siwe 
disease. Hence, there is some cl nical sup- 
port for the prognostic assumpt&on that if 
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the chdd is § vears of age or older and his 
lesion s solitarv, the probability that he 
has or will have disseminated disease is re- 
mote. The prognosis, irrespective of the 
histolozv, is therefore guarded to good in 
such a circumstance. On the other hand, in 
the voinger age groups, even when an 1ni- 
tial solitary site is the only detectable find- 
ing, further dissemination may occur, and 
the prognosis must be guarded even if his- 
tologi Gilly the granuloma i is benign, 

In Lahey's? series of 69 patients, exclud- 
ing the solitary or eosinophilic granuloma 
viret MP was also a slight male pre- 
ponderance, a 38 to 29 ratio, Fifty per cent 
of the T n in this series died when 
affected in the first 3 vears of life 

We have observed examples a the dis- 
parity between the course of the illness and 

the pethology of the lesion. One instance, 
previcusly reported? was that of a an 
aged 4 vears, with multiple cutaneous, 
nodular lesions, which were diagnosed his- 
tologieally as Letterer-Siwe disease. She 
was treated sporadically with methotrex- 
ate. Sie is now 17 vears of age and reports 
by mil that she is in good health. Another 
instance was that of a male infant aged 16 
mont! s who had a single osseous lesion in 
the le t frontal bone, also diagnosed histo- 
logica ly as Letterer-Siwe disease. He was 
treated by irradiation and chemotherapy 
and has had no recurrence in 7 years (Fig. 1 
"ori Ree 


DISCUSSION 


vary sO WI ae in iE e icd courses can 
onlv 5e established after appraisal of sev- 
eral factors. The informa i gai ned from 
the bistorv and physical examination 1s 
often significant. This Sede the age of 
the patient, the duration of the disease, its 
effects on his health, the site or sites, as well 
as the degree of involvement. Roentgeno- 
graphic aid is valuable, but confusion with 
bone cyst, tuberculosis, osteomyelitis, and 
bone sarcomas occurs not infrequently. 
Scrapings from skin lesions may show his- 
tiocy es, Biopsy is mandatory before any 


Vot. 93, No. 3 
treatment by surgery, irradiation, or 
chemotherapy is instituted. 

It is well known that unicentric bone 
lesions usually respond satisfactorily to 
surgical curettage or roentgen therapy. Un- 
fortunately, this is not always the case. If 


the disease shows multiple foci, the risk of 


these procedures must be equated with the 
anticipated benefits. I have observed recur- 
rence in well performed mastoidectomies. 
Case 6 in Table vi illustrates the ineffective- 
ness of usually adequate radiation therapy. 

Consideration of the use of svstemic 
chemical agents arose in 1947, when a very 
sick infant, aged 7 months, was referred to 
5t. Luke's Hospital. This girl, reported 
previouslv,*? became ill following a small- 
pox vaccination which had been performed 
at 6 months of age. The cases of Sewall,” of 
Delano and Butler," of Elliott," and of 
Cochran e£ al. demonsa ate that this pro- 
cedure occasionally may produce serious 
osseous lesions. 

Qur patient (Fig. 3 and 4) was operated 
for an eosinophilic granuloma of the skull, 
following which she received £00 r to one 
skull field and 200 r subsequently to the 
left orbit. At 1 year of age, because of the 
wide dissemination of her disease dam. 
she was given nitrogen mustard initially 
and later the antimetabolites, first aminop- 
terin, then amethopterin (mistliotfaxa Ee 
in cycles over a period of 9 vears (Fig. 6). 
She is now 17 years old, obese, and has had 
diabetes insipidus for 14 vears, controlled 
by pitressin; otherwise she is in good health. 
sections of the skull tumor and a lymph 
node have been diagnosed by pathologists 
of equal competence as eosinophilic granu- 
loma and Letterer-Siwe disease. The satis- 
factory results obtained by chemotherapy 
in this infant have now been duplicated 
sufficiently often, although by no means 
constantlv, to indicate the value of these 
drugs in many cases. The corticosteroids? 
and the antimetabolite purinethol have 
also shown demonstrable beneficial effects. 

The mechanism of the therapeutic action 
of these drugs is not understood, but, in 
addition to the disturbances produced by 
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Lesion healed. No 
1963. 


Fic. 2. M. D. March 2, 1957. 


recurrence up to 


most of these agents in the growth of 

rapidlv proliferating cells, the alterations in 
immune reactions to which reticuloendo- 
thelial cells are so intimately related per- 
haps are of importance. 

A further development of major interest 
to those who believe that manv of these 
syndromes are of infectious origin has been 
the use of many antibacterial drugs, in- 
cluding isoniazid. It is appropriate here to 
quote in part Hand's opinions with respect 
to the etiologv of the disease and the value 
of drugs in treating his patient: ' , thé 
thought occurs that the infective agent 
may gain entrance... and may be animal 
(ameboid) rather than vegetable in nature. 
This theory also offers an explanation for 
the apparent benefit in my first case follow- 
ing the use of quinine. "5:17 

There are 4 cases reported in the litera- 
ture with a diagnosis of Letterer-Siwe dis- 
ease in which the seriously il children re- 
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sponded well to therapv with antibacterial 
agents.^?'* One of them had a B. paracolon 
isolated from several lesions. We have 
observed 2 other patients, both seriously 
il, improve after the use of antibacterial 
compounds (Table vi). Their records fol. 


low. 
ILLUSTRATIVE CASES 
Case 5 (Table vi). K. R. 


FIRST ADMISSION, The patient was born in 
New York Hospital on August 15, 1955, 5 weeks 
prematurely. She was the fourth living child of 
a 31 vear old Negro mother, who had 1 mis- 
carriage. The mother, who developed tubercu- 
losis in 1951, was still under regular medical 
observation, and the 8 
this pregnancy was considered arrested; her 
sputum and gastric washings were negative 1 
month prior to delivery. She also had rheuma- 
toid arthritis, one mild attack of which occurred 
in her third aime ester. She was allergic to gold, 
butazolidin, penicillin, and codeine; none of 
these drugs was administered during this 
pregnancy. In the first trimester she had an 
attack of herpes zoster. The membranes rup- 
tured on August t4, and the baby was born 





Skull 


before 


biG. fs Thy. AW: 
iemotherapy was begun. Many typical osteolytic 


Fuly r2, 1946. shortly 


c0 


?PSIODS are present. 


Treatment of Reticuloendotheliosis 


> tuberculosis at the time of 





Fic. 4. L. W. October 6, 1050. Only slight suggestions 


of osteolvtic defects remain. 


after a 7 hour uncomplicated labor. The amniot- 
ic fluid was noted to be greenish. 

Physical Examination. The infant weighed 

,460 gm. The circumference of the head meas- 


ured 29.5 cm., the chest 27.0 cm., and her 
height was 47.0 cm. She was s alert and vigorous. 


A dis hguring ri ash about the face was erythema- 
tous, serpiginous, atrophic and puckered in 


many places (Fig. 7). Telangiectasia and pe- 
techiae were present. The liver edge and the 
spleen were both palpable 4 cm. below the 
costal margins. 
Laboratory 
urinalvsis 


The hemogram and 
ded Mazzini, Wasser- 


Findings. 
were normal. 


mann and Mantoux (1-10,000) tests were 
negative. Ree ee a the skull and 


chest were normal. The bleeding time was 8 
minutes and the clotting time under § minutes. 
Course. The infant was placed in an isolette. 
Neomycin ointment was used on her face. Her 
feedings were well taken. Penicillin (75,000 
units) and streptomycin (75.0 mg.) were given 
daily over a 9 day period. A mild jaundice, be- 
ginning 36 hours after birth and accompanied 
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by a fall in hemoglobin to 10.5 gm. per cent, sub- 
sided in 5 days. Complement fixation studies 
for herpes virus demonstrated no antibody. The 
lesions diminished in size and severity and the 
infant, weighing 2,340 gm., was discharged and 
referred to the Out-Patient Department on 
August 30, 1955. 

SECOND ADMISSION, The patient was admitted 
to the hospital the second time on September 
24, 1955. One week prior to admission the rash 
became more acute and blood appeared in the 
stool. 

Physical Examination. The infant at 6 weeks 
of age weighed 2,900 gm. and appeared chroni- 
callv ill. The erythematous, pitted rash involved 
the scalp, the face, the neck, the thoracic wall, 
and part of the abdominal wall. Moderate 
generalized lymphadenopathy was present; the 
liver was 6 cm. and the spleen 5 cm. below the 
costal margins. 

Laboratory Findings. The urine was normal, 
the hemoglobin 5.5 gm. per cent, the white 
blood cell count was 10,200, the differential 
count was normal and the platelet count was 
30,000 per mm.*. The sedimentation rate was 





Fic. s. L. W. Diagram showing sites of lesions ob- 
served over a 9 year period. In addition to the 
skull defects, she had occipital, cervical, and in- 
guinal lymphadenopathy, bilateral pulmonary in- 45 Inm. 1n 1 hour; the cephalin flocculation was 


filtrations and lesions in 15 other bones. Some of 7; the thymol turbidity 9 units. The electro- 
K ** LCS r E jn / Li s m Y 

the latter completely healed, while others con- lytes, the total protein, the A/G ratio, and 

currently developed during these 9 years. prothrombin were normal. Skeletal roentgeno- 


Surgery, 500r to skull 


r- 250 r to left orbit 
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Fic. 6. L. W. Diagram showing therapeutic regimen from 1947-1959. HNs- nitrogen mustard, MTX = metho- 


chemotherapy. 
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grams showed a dislocation of the left hip. 

Course. The infant received multiple trans- 
fusions. The bloody stools were attributed to 
moniliasis and ceased within a few days. 
Staphylococcus aureus was obtained from ab- 
scesses of the scalp and buttock that developed 
later. Streptococcus hemolyticus and E. cali were 
also grown from lesions of the latter site. One 
blood culture grew out Staphylococeus aureus. 
Biopsies of skin and lymph node performed on 
September 28 were diagnosed as Letterer- 
Siwe disease. Penicillin (up to 1,200,000 units) 
and streptomycin (up to 200 mg.) were given 
daily from September 29 to October 4. This 
treatment was accompanied by an 2 m 
ment in the patient's condition. 

Following the pathology report, therapy was 
changed to erythromycin (400 mg.) and achro- 
mycin (200 mg.) daily from October 19 to 
November 8, These drugs were discontinued on 
November 9, because it was felt that the im- 
provement in her condition was not due to their 





effects. À relapse occurred after a total dose of 


less than 30 mg. of meticorten for thrombopenia 

was given between November 21 and a4. The 
patient’s condition gradually improved and she 

was discharged to the Out-Patient Department 
on December 18, 1956, weighing 5,200 gm. In 
February, 1946, a closed reduction of the 
pathologic dislocation of the left hip was per- 
formed at the Hospital for Special Surgery. 
Subsequently, in November, 1956, an open re- 
duction was done. Her health during the next 
6 years was good. In September, 1963, the left 
leg was 2.5 cm. shorter than the right, and there 
was some scarring of the skin at the sites of her 
previous operations. 

In 1957, the mother again became pregnant. 
In the second trimester her gastric washings 
showed M. tuberculosis. She was hospitalized 
and given isoniazid and para-aminosalicylic 
acid; while under treatment she gave birth to a 
full-term female infant weighing 3,740 gm. This 
baby had an erythematous rash with atrophic 
areas on the chest, axillae and perineum. Her 
Mantoux test (1—1,000) was negative. Skin and 
lymph node biopsies showed only chronic in- 
fÜammation, Since then, her health has been 
good. In May, 1963 d was considered to be a 
well child. UN 


ou 6 ay a T B. 3 year ae 


d der 3 
on Scu 28 1966. 

Present I Jioéss. The boy was in good health 
until October, 1954, when he complained of left 
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Vic. 7. Case c, K. R. Extensive disfiguring rash of 
face during neonatal period. Histologic diagnosis 
was Letterer-Siwe disease. 





knee and later bilateral leg pains. Roentgeno- 


grams taken November 30, 1964, revealed bj- 


lateral femoral lesions and also lesions of the 
skull. Biopsy was taken and the diagnosis of 
eosinophilic granuloma was made. "He was 
admitted to his local hospital from November 
30 to December 12, 1954 and treated with 
roentgen irradiation of the skull and femurs. 
During this hospitalization, blood cultures were 
positive fer Staphylococcus albus, and he was 
treated with ilotvein and aureomycin for 2 
weeks. At the end of December, a new skull 
lesion was found and 2 weeks later still another 
skull defect appeared; both were treated with 
roentgen irradiation. The boy was readmitted 
to the same hospital on February 2, 1955 be- 
cause of enlarged cervical lymph nodes, eu 
were biopsied and revealed evidence of eosin- 
ophilic granuloma “... that in some ways... 
is beginning to shade over into the Lerterer- 
Siwe pattern."* He was treated with ilotycin 
and aureomycin. In March, 1944 more cervical 
swelling was found and the patient was treated 
with chloromycetin for 10 weeks. From April 
to September, 1955 new lesions developed in the 


* Armed Forces Institute of Pathology #697472. 





Frc. 8. Case 6, T. B. iu. November 30, 1054. Osteo- 
lytic and periosteal lesions in femoral shafts. 


left femur, left ilium, right ilium, and skull; 
each was treated with roentgen irradiation. In 
September he received a 3 week course of tri- 
ethylene melamine (0.5 to 3.0 mg. daily). Fol. 
lowing this and during the 3 weeks prior to his 
admission to Memorial Hospital, the patient 
had further cervical swelling, Jow grade fever 






(100-101?E.) and increased irritability. No 
anorexia, vomiting, weight loss, weakness or 


^ 


fatigue was observed. 
Past, Family, Social History, Not contribu- 
tory. 


Physical Examination. The patient’s pulse 


was I14, respiration 24, and temperature 
100.6°F. He was a well-developed, well-nour- 
ished white male in no acute distress. Skin was 
negative. His head was normocephalic, with a 
2X 3cm. epilated area, clear-cut, over the right 
parietal region. The ear, nose and throat exam- 
ination was negative. The neck was supple. 
There were firm, movable, slightly tender, 


matted cervical lymph nodes, a 2.5 cm. in 
diameter raised mass at the left auricular re- 


mandibular region and a 1.5 cm. postcervical 
lymph node on the left. There were several 1.5 
to 2.0 em. lymph nodes on the right side in the 
cervical chain. There were palpable small 
posterior occipital lymph nodes, but no en- 
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larged axillary or epitrochlear lymph nodes. 
There were 1.0 cm. movable, slightly hard, 
slightly tender right inguinal lymph nodes. The 
lungs were normal. The heart was not enlarged 
and there were no murmurs. The abdomen was 
soft and the liver palpable to 3.c cm. below the 
costal margin. The spleen and kidneys were not 
felt. The extremities were negative. 

Laboratory Data. Admission hemogram 
showed a hemoglobin of 10.6 gm. per cent, a 
white blood cell count of 4,100 with a normal 
differential, and a platelet count of 380,000 per 
mm.*, The follow-up hemogram showed the 
hemoglobin ranging from 10.1 to 10.7 gm. per 
cent, and a white blood cell count ranging from 
2,100 to 7,300. The urinalysis was within normal 
limits except for a trace of sugar on November 
1, 1955. The Mazzini test was negative. Urine 
culture on October 29 was negative. Nose and 
throat cultures of October 26 were as follows: 
Clostridium welchit, Staphylococcus albus, E. 
colt-aerogenes group, Neisseria group and alpha 
etrepiococcus. hemolvticus. A blood culture on 
October 28 was negative. 

Roentgen Findings. Several osteolytic lesions 
characteristic of reticuloendotheliosis were pres- 
ent in the calvarium, the left mastoid, the right 
scapula and both ilia. The shafts of the femurs 
showed marked osteolytic and productive 
changes throughout their extent (Fig. 8 and 9). 
The right humerus, the right radius and the left 
fifth rib also showed changes consistent with 
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Fic. 9, Case 6, T. B. ui. February 27, 1956. Lesions 
tj , D de É 3 EN 
in both ilia and femurs. 
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the diagnosis of reticuloendotheliosis. The lungs 
were normal. 

Hospital Course. Because of a slight elevation 
of temperature on admission and marked cer- 
vical lymphadenopathy representing a possible 
adenitis, the patient was placed on a daily dose 
of penicillin (1,200,000 units) and streptomycin 
(600 mg.). Within 5 days of this regimen, the 
cervical lymphadenopathy definitely decreased 
and he was afebrile. On the seventh day he was 
given a dose of nitrogen mustard (0,2 mg./kg.). 
This was repeated on the eleventh day. It was 
noted that the lymphadenopathy underwent 
further regression. On the twelfth day he was 
started on methotrexate 2.5 mg. ora ally a day. 
Streptomycin therapy was continued through- 
out his hospital stay. He was discharged on the 
fourteenth hospital day to continue with the 
methotrexate. 

Subsequent Course. For the next 6 months he 
was continued on methotrexate without sig- 
nificant improvement, On August 21, 1956 this 
drug was discontinued and purinethol (25 mg.) 
and isoniazid (75 mg.) daily were substituted. 
He received roentgen therapy (600 r) in August, 
1946 for a painful lesion of his right humerus 
and again in November, 1956 to his left tem- 
poral region (600 r), where a draining sinus had 
persisted for ; months. During 1957 and 1959 
he improved greatly (Fig. 10). In August, 1958 
reduction in the dose of isoniazid was begun and 
in June, 1959 it was discontinued. Reduction in 
the dose of purinethol was then begun and in 
May, 1962 this drug was discontinued (Fig. 
11). Interval roentgenograms had shown im- 
provement in all osseous lesions and complete 
healing of some (Fig. 12 and 13). 

At no time did he have symptoms of diabetes 
insipidus or proptosis despite the chronicity of 
the disease. In 1964 at the age of 12 vears he 
weighed 87 pounds, was 4 feet, 10 inches in 
height and was considered in excellent physical 
condition. 


Another child, a patient of Dr. William 
Klingberg,!® had histologic findings of 
diffuse reticuloendothelial proliferation. An 
atypical acid fast organism was obtained 
on culture of a biopsied site. The child im- 
proved while on isoniazid. It is recognized 
that these few cases do not factually estab- 
lish a microorganism or its products as an 
etiologic agent. The clinician, however, 1s 
obligated to utilize, often empirically, all 


Treatment of Reticuloendotheliosis 





Fic. 10, Case 6, T. B. rii. Diagram showing sites of 
lesions observed during a 6 year period. 


means available to aid the patient, even in 
the absence of a scientifically proved eti- 
ologv. 


THERAPY 


Treatment by conventional therapy, 
surgery and roentgen irradiation, 1s usually 
adequate for the solitary cases. However, 
particularly in the younger child, the subse- 
quent course often cannot be anticipated. 
The desirability of adjuvant “prophylac- 
tic’ ' chemotherapy for a period of 6 months 
should be considered. In those patients 
whose disease is not localized, chemo- 
therapy is of primary importance. Surgery 
and roentgen irradiation may also be re- 
quired in some circumstances. A suggested 
plan of approach is indicated in Table vu, 
subject, of course, to modifications the indi- 
vidual case may require. 

The chemical agents in use by us are ni- 
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c Lett parietal, 4X r 
r. Left parietal, 40r; occiput, 400r 
Right neck, SO0r- left neck, 500r 
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| i Right parietal, 600 r 
o Right ilium 200 r; lett masoid 250r 


po Left temporal, 600r 


Stre plomy cin, penicillin “or 1d days; HN. 
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MancH, 1964 


aur 





"eae " Hospitalized Ambulant 
Lees at Memorial 
elsewhere 


Center 
Fic. 11. Case 6, T.B. uu. 
radiation is 


trogen mustard (0.2 mg. to 0.4 mg./kg. of 


=" 
given 


(O26 (0-25 


£ 
body weight intravenously), usu: lly 
only once; then me x hetrexate 
mg. dail v) or purinethol (12.5 t» so mg. 
daily, depending on the size of the child) is 
given, both orally. This program is fol- 





Fic. 12. Case 6, 
Complete he 


T. B. iu. August 25, 1059. 
aling of femurs 


Diagram show ng therapeutic regimen, Semen 1954 to May, 1962. 
expressed as air dosage. MTX = methotrexate, INH = ison: vid, 6-MP = 6-mercaptopurine 


and purinethol. The divided bars indicate "cyclic" or "intermittent" 


Roentgen 


ope py. 


lowed for 4 to 6 months, sometimes even 
longer. If improvement occurs, the drug is 
given on a cyclic basis--3 weeks on, 1 week 
off, and gradually reduc ed over a period of 
months or years to complete cessation. 
Prednisone and related steroids are of con- 
siderable value in some cases but because 
of side effects cannot be maintained in full 
dosage for extended periods. The limited 
experience with antibacterial agents, in- 
cluding antituberculous drugs, places ee 





Fic. 13. Case 
healing of right ilium and partial healing of left 
ilium. 


6, T. B. nt. August 28, 059. Complete 
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compounds in the investigational category. 
Their value, in our opinion, has been great 
in some cases, but poor in others. Further 
studies in their use are encouraged. 


SUMMARY 


The clinical features of 62 cases of reticu- 
loendotheliosis in children have been briefly 
reviewed. 

The recognized problems in classification 
are again emphasized by this survey. The 
term  reticuloendotheliosis, however, is 
broad enough to include all clinical mani- 
festations of these pathologic entities irre- 
spective of the site or sites involved, the 
acuteness or chronicity of the process or the 
final result. The descriptive subclassifica- 
tions "solitary," "disseminated," and “ma- 
lignant"" might be less confusing to the clin- 
ician than the terms “eosinophilic granu- 
loma," “Hand-Schiller-Christian disease" 
and "Letterer-Siwe disease." 

The younger age groups were principally 
affected. Only 12 children were over 4 vears 
of age and more than half of the remaining 
5o were under 2 years. The male to female 
ratio was 3:2. 

The diagnosis was made very promptly 
in many instances. In others, delays of 
months occurred. 

The clinical course of these patients var- 
ied from acute to prolonged chronicity. In 
the age group under 2 years, the granulomas 
were usually more disseminated and the 
children more seriously ill. The persistence 
of osseous lesions, or the development of 
new defects while old lesions were resolv- 
ing, was not incompatible with recovery in 
some cases. 

The suspicion that many of these condi- 
tions are due to an infectious agent or its 
products 1s supported by the fact that in 2 
cases discussed, ^!? a bacillus was cultured 
from the lesions. Furthermore, the satis- 
factory results from the use of antibacterial 
drugs in these 2 children and in 4 others in 

whom no bacteriologic confirmation was 
obtained lends additive credence to the 
hypothesis that a microorganism is in- 
volved in the pathogenesis. It will be re- 
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RE TICULOENDOTHELIOSIS THERAPY 


Disseminated/Malignant/ 


“Variants” 
Biopsy Biopsy 
Curettage Chemotherapy 
Roentgen. 1. HN. and/or steroids 
Therapy 2. Antimetabolites (6 mo. con- 
stant) steroids + 
Chemotherapy 3. Antimetabolites (cyclic) 


steroids + 
Antimicrobials + 
Boedtgan therapy—local "hazar- 
dous” sites 
| Surgery—complications 


TE ———Á————s— — PO — HEN imet ie menia. 


(6 mo.) 


called that the immunologic status of many 
young infants is not able to cope with many 
common infections. Furthermore, it is pos- 
sible for some usually nonpathogenic organ- 
isms to adopt a pathogenic quality if host 
and environmental conditions permit. 

Recommended methods of treatment 
have been outlined. The prognosis is so 
variable that irrespective of the histologic 
findings, the clinical course, observed over a 
period of several months, will best disclose 
what the ultimate outcome will probably 
be. 


Department of Pediatrics 

Memorial Hospital for Cancer 
and Allied Diseases 

444 East 63th Street 

New York, New York 10021 


The author is indebted to Dr. J. Frederick 
Eagle of 5t. Luke's Hospital, to Dr. Wallace 
McCrory of New York Hospital and to many 
colleagues at Memorial Hospital for the oppor- 
tunity of presenting these data. 
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THE SUPERIOR MEDIASTINAL SYNDROME IN 
CHILDREN WITH CANCER * 
By GIULIO J. D'ANGIO, M.D., ANNA MITUS, L.R.C.P., M.R.C.S., 
and AUDREY E, EVANS, L.R.C.P., S.E, 


BOSTON, MASSACHUSETTS 


OMPRESSION of the structures with- 

in the superior mediastinum leads to 
venous engorgement, cyanosis, edema of 
the head and neck, stridor, and dyspnea. 
This combination of signs and symptoms is 
termed the superior mediastinal syndrome, 
and is very similar to the superior vena 
caval syndrome where venous obstruction 
is the predominant pathologv. 

The superior mediastinal syndrome is 
seldom encountered in children with cancer. 
Only 9 patients, all boys, presented with 
this picture among the 607 patients under 
17 years of age, with malignant disease ex- 
clusive of leukemia, who were treated at 
The Children's Hospital and The Children's 
Cancer Research Foundation in the 6 years, 
June 1, 1956 to May 31, 1962 (Table 1). 
Compression of the superior mediastinal 
structures may develop insidiously so that 
the patient may have few relevant com- 
plaints; nonetheless, these children are in 
jeopardy. Complete venous blockade or 
total obstruction of the airway can develop 
with dramatic suddenness, as is illustrated 
by the following case report, 


Case 1. C.C. This 14 year old boy developed 
a sore throat and cervical lymphadenopathy 3 
weeks before admission to the hospital. He was 
treated with antibiotics, with a diagnosis of 
tonsillitis. A few days before admission, pink 
spots were noted on the legs, and frank hema- 
turia became manifest. Cough and wheezing 
had also developed, but the child did not appear 
to be in respiratory distress. Hepatospleno- 
megaly was present. Laboratory studies re- 
vealed a white blood cell count of 1,000 cells 
per cubic millimeter, and a peripheral blood 


1964, 


smear showed a decrease in platelets and 74 per 
cent blast forms. A roentgenogram of the chest 
showed a large mediastinal mass compressing 
the trachea to a narrow ribbon. As the roent- 
genologic examinations were being performed, 
hesuddenly became deeply cyanotic and stopped 
breathing. He was revived, received hydro. 
cortisone, but died the next day. 


The child with the superior mediastinal 
syndrome constitutes a medical emergency. 
Measures necessary for earlv diagnosis 
should be undertaken without delay. AL 
though definitive diagnosis may onlv be 
established by biopsy of the mediastinal 
tumors, these patients frequently pose too 
grave an anesthetic risk to make any but 
the simplest procedures possible. Physical 
examination and roentgenograms of the 
chest, abdomen, and skeleton can lead to 
tentative diagnoses, while examinations of 
the peripheral blood, bone marrow, or 
biopsy of an accessible enlarged lymph node 
may be diagnostic. None of these studies 
require general anesthesia. On Occasion, 
however, they are not conclusive. Despite 
this, it may be necessary, because of the 
urgency of the problem, to proceed with 
therapy on the basis of a roentgen and 
clinical diagnosis alone. Earlv, vigorous 
treatment, designed to cause rapid shrink- 
ing of the tumor, should not be delaved bv 
an overly-diligent pursuit of the diagnosis. 


INITIAL TREATMENT 
Simultaneous chemotherapy and radia- 
tion therapy are now emploved in all cases, 
to ensure rapid regression of the tumor. 


* Presented at the Forty-sixth Annual Meeting of the American Radium Society, White Sulphur Springs, West Virginia, April 13-16, 
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i. When lymphosarcoma is proved by 
biopsy, or strongly suspected, intravenous 
hydrocortisone, 8 mg./kg. body weight, 1s 
given in the first 24 hours. An oral steroid 
(prednisone, 2 mg./kg./day) is substituted 
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thereafter, as the clinical condition 1m- 


proves. 


TABLE Í 


2, When it cannot be decided whether 
the patient suffers from lymphosarcoma or 
Hodgkin’s disease, nitrogen mustard 1s 
added at a dose level of o.2 mg./kg. of body 
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* All patients dead. 
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Case Name Sex 5 ) 


14 


15 


EN 


12 


i4 


Initial 
Diagnosis 


Lymphosarcoma; 
acute leukemia 


Lymphosarcoma 


Lymphosarcoma 


Ly mphosarcoma 


Lymphosarcoma; 


acute leukemia 


Hodgkin's dis- 
ease 


Malignant 
lymphoma 


Malignant 
lymphoma 


Neuroblastoma 


aria. nar imme RAS IMMERHIN MEAT I aa aaa Y Iam ae Ar PARANOIA IS Ie Im nune 


Cough and 
wheeze; sore 
throat 


Cough and dysp- 
nea; tender lumps 
in scalp 


Cough and dysp- 
nea; dysphagia 


Dyspnea 


Dyspnea 


Cough; anorexia; 
fatigue and 
weight loss 


Cough and dysp- 
nea; chest pain 
and fever 


Dyspnea; sore 
threat; fever 


Fever and irrita- 
bility 


Cervical lymph- 
adenopathy; 
petechiae; 
hematuria 


Cyanosis; cervi- 
cal and inguinal 
lymphadeno- 
pathy; masses in 
scalp 


Palpable mass in 
suprasternal 
notch 


Ly mphadeno- 
pathy; hepato- 
splenomegaly; 
testicular en- 
largement 


Dyspnea; lymph- 
adenopathy; 
right facial palsy 


Dyspnea; right 
pleural effusion 


Dyspnea; cyano- 
sis; left pleural 
effusion; general- 


ized lymphaden- 


opathy 


Dyspnea; left 
pleural efusion; 
mild preptosis 


Tachypnea; cya- 
NOSIS; proptosis; 
periorbital 

ecchy mosis 


Tnitial 
‘Treatment 


Simultaneous 
ACTH and 
roentgen 
therapy 


Sequential: 
surgery; ni- 
trogen mus- 
tard; ACTH; 
chlorambucil; 
roentgen 
therapy 


Simultaneous 
ACTH and 
roentgen 
therapy 


Simultaneous 
cortisone and 
roentgen 
therapy 


Sequen tial: 
ACTH; roent- 
gen therapy; 
chlorambucil 


Sequential 
ACTH and 
roentgen 
therapy 


Sequential 
cortisone and 
roentgen 
therapy 


Simultaneous 
nitrogen mus- 
tard and 
roentgen 
therapy 


a Rat RA A T CA ASPIRIN a SP Sàn a ente etaient rm PS ES Peer tne m ur tatam mensem mi 
ueste RA i art i atari nine atas RM taii rer Mr THEM RIT a SS ndn rmm nee rente nieinete eerie aa caia Sika AEE ae dl i Lue yr A TUE CREER AME REA mete nthe A SRT TM MHAP AP NAHE NON STEIN MIN TIO TA 


be Survival 
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4 days 

Slow and 13 mo. Leukemia 

complete in terminally 

20 days 

Promptand 10 mo. Rapid re- 

complete in lief of re- 

14 days spiratory 
symptoms; 
leukemia 
terminally 

Rapid and — 6 mo. Bone mar- 

complete in row remis- 

4 days sion in 7 
days 

Slow and 21 mo, 

incomplete 

Slow and 9 mo. Slow but 

incomplete steady re- 
lief of res- 
piratory 
distress 

Slow and amo. Rapid re- 
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7 days spiratory 
symptoms 

Slow and — 21 mo. Rapid re- 

incomplete lief of re- 
spiratory 
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The Superior Mediastinal Syndrome $39 





Fig. 1. 
narrowing of the palpebral fissures) and fullness of the neck. The lateral transthoracic diameter is increased 


and the ribs are prominent, reflecting pronounced emphysema. 


Case n. (7) Appearance on admission to the hospital. There is edema of the face and neck (with 


(B) After treatment. There is striking 


difference in the facies and h abitus, once the superior mediastin: al structures have been relieved of com- 


pression by the tumor. 


weight for 2 consecutive days. 

3. When a nonlymphomatous neoplasm 
is suspected or proven, an appropriate 
chemotherapeutic agent is chosen. For ex- 
ample, nitrogen mustard is given for 
neuroblastoma. 


RADIATION THERAPY 


At this institution, factors vielding a half 


value layer of 2.7 mm. of copper are em- 
ployed. The field is designed to encompass 
all the tumor. The initial mid-plane depth 
dose ranges from 10 to Sor, depending on 
the diagnosis and the decree of tracheal 
compression demonstrable — roentgeno- 
graphically. If the first dose is tolerated 
well during the ensuing 6-8 hours, another 
and similar treatment is given. The tumor 
dose is doubled thereafter until a single tu- 
mor dose of 150 r is being delivered. By the 
time this dose is attained, most children 
with lymphosarcoma have improved dra- 
matically. 


ANCILLARY MEASURES 


Rapid response to therapy may result in 
hyperuricemia and uric acid nephropathy.* 
Measures should be taken to prevent this 
complication. It is essential to ensure ade- 


quate hydration, and to alkalinize the 
urine. Potassium bicarbonate or citrate 


Is given in preference to the sodium salts, 
when steroids are being administered. 


RESULTS 
The results obtained in children man- 


aged in this fashion are illustrated by the 
following case report. 


Case m. P.D. This 14 year old boy had been 
well until he noted some lumps on his scalp. 
These increased in size and became tender. A 
biopsy of one of the lesions revealed lympho- 
sarcoma. He then developed a cough, dvspnea, 
and a bluish discoloration of his face and chest, 
On admission to The Children’s Hospital 
Medical Center, there were findings consistent 
with the superior mediastinal syndrome (Fig. 
1,7). Enlarged lymph nodes were palpable in 
the neck and right inguinal region. Over the 
surface of the scalp were several masses, all of 
them freely movable and not attached to the 
skull. They averaged 1.5 cm. in diameter and 
were firm to palpation, Chest roentgenograms 
showed a huge mass compressing the mediasti- 
nal structures (Fig. 2, Æ and B). Examination 
of the bone marrow revealed normal findings. 
Treatment was initiated. on admission to the 
hospital. He received simultaneous ACTH 
intravenouslv (20 units daily) and radiation 


-— 
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therapy. The mediastinum was given Io r 
tumor dose in the morning. This was tolerated 
well and a similar treatment was given in the 
afternoon, The dose was increased gradually 
so that by the third treatment day, a total 
(mid-plane) dose of 213 r had been accumu- 
lated. By this time the scalp and inguinal masses 
had disappeared and a chest roentgenogram 
showed complete clearing of the mediastinal 
tumor (Fig. 2, C and D). A striking difference 
was also noted in the facies and habitus (Fig. 


15). 


All patients with lymphosarcoma, treatec 
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Fic. 2. Case i. (4 and B) December 31, 7958: There is 
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with combined hormone and radiation 
therapy, responded rapidly, clinically and 
radiologically. When combined treatment 
V regressed 


ae 
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'as not employed, the tumor 
more slowly, as shown in Case 1m. 





Case ii. T.B. This 16 year old boy was 
well until he began to complain of a mild cough. 





His symptoms increased in severity and dysp- 
nea and dysphagia became marked. Two 


weeks after the onset of symptoms, he was 
admitted to another hospital, in severe respira- 
tory distress. A mass was palpable in the supra- 


a huge mass filling the anterior and superior medi- 


is markedly compressed from the anterior aspect, and is displaced posteriorly. 
The lungs are emphysematous. (C and D) January 2, 10590: Two days later there is almost total disappear- 
nor, with return of the trachea to normal caliber, The lungs are no longer emphysematous, 


Vor. 93, No. 3 





OPERATION 


HN2 n 
iO mg. 


MEDROL LV 
1200 mgs. 


| 


[96] OCTOBER 


The Superior Mediastinal Syndrome 





ACTH IV 












Tp 


28 ! 


NOVEMBER 


Fic. 3. Case tu. Sequential therapy of mediastinal lymphosarcoma. Schematic representation of roentgeno- 
graphic changes in relation to the timing of administered treatment. 


sternal notch. A chest roentgenogram showed a 
soft tissue mass in the superior mediastinum 
surrounding the trachea. An operation was per- 
formed on the second hospital day. The medi- 
astinum was entered through a sternum-split- 
ting incision, a small amount of the underlying 
tumor was removed, and a tracheotomy tube 
ras inserted. A diagnosis of lymphosarcoma 
was made by microscopic examination of the 
specimen. On both the 2nd and sth postopera- 
tive days, he received 10 mg. (0.2 mg.; ‘kg. body 
weight) of nitrogen mustard. His respiratory 
symptoms improved, although a roentgeno- 
gram 3 days later showed only partial shrinking 
of the mediastinal mass. He was transferred to 
The Children’s Hospital Medical Center on the 
14th postoperative day. 

Roentgen examination of the chest showed 
persistence of the mediastinal mass. Therapy 
with ACTH (60 units parenterally) was initi- 
ated and continued during the next 14 days. A 
single large dose of ' ‘medrol” (1,200 mg.) 
intravenously, was added. On the 8th E in 
the hospital, a long course of radiation therapy 
to the mediastinum was started. Gradual im- 
provement followed (Fig. 3). 

This boy required 20 days of treatment be- 
fore the chest roentgenograms became normal, 
unlike Case rr, in which the same result was 
achieved after 4 days of combined therapy. 


DISCUSSION 


Mediastinal masses are not uncommon in 
children with malignant diseases, but few 
develop the superior mediastinal syndrome. 


The 9 boys reported here are examples of a 
rare complication of childhood cancer. 
Eight had lymphoma, which comprises 
about 6.5 per cent of the 12 24 patients with 
lymphoma seen in this institution in the 
period under study. This frequency is simi- 
lar to that reported by Rosenberg ef al,’ 
but less than that recorded by others.!? 
Six of the 8 patients with lymphoma and 
the superior mediastinal syndrome were 
over II years of age (Table 1). Many 
younger children have intrathoracic masses 
which displace the mediastinal structures, 
but apparently they seldom develop the 
signs and symptoms of superior mediastinal 
syndrome.®* Lymphosarcoma is much more 
common in boys than girls, and it is per- 
haps not surprising that all the cases pre- 
sented here were males.? 

Malignant neoplasms other than lympho- 
ma can also lead to constriction of the 
superior mediastinal structures.’ Alternate 
diagnostic possibilities should be kept in 
mind so that treatment can be made as 
specific as possible. Case 1x (R.C.) ilus- 


trates this point. He had periorbital 
ecchymoses when first examined. This 


sign, ina child of 2 vears, together with the 
roentgenographic findings, virtually estab- 
lished the diagnosis of disseminated neuro- 
blastoma and treatment was started with- 
out further delay (Fig. 4, Æ and B). Bone 
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marrow aspiration subsequently confirmed 
the diagnosis. 

Mediastinal masses in association. with 
the superior mediastinal syndrome threaten 
life and can precipitate a serious medical 
emergency with little if any other warning. 
Case 1 was an example of the rapidity with 
which respiratory obstruction can develop. 
Establishing a working diagnosis at the 
earliest moment is highly desirable so that 
vigorous treatment, designed to secure the 
rapid dissolution of the constricting masses,” 

can be started. In our opinion, this can best 
be accomplished by combining irradiation 
with simultaneous hormonal and chemo- 
therapy. When the two modalities are em- 
ploved in sequence, the tumors seem to 
respond less promptly (Case 1). The 
simultaneous use of corticosteroids has an 
additional advantage because of their 
“anti-inflammatory” effects which would 
tend to reduce the advent of postradiation 
edema. 


Superior vena caval obstruction and its 


management in adults was the subject of a 
was the 


recent symposium. | Lung cancer 
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most common underlying lesion. It is not 


easy to relate the experience described re- 

garding radiotherapeutic dosage regimens 
and the role of hormones and chemothera- 
peutic agents to children in whom the 
lymphoma group is most frequently repre- 
sented, and in whom tracheal rather than 
vascular compression represents the major 
07500, 


superior. yena pur der tion d. growing 
a transplantable tumor in the mediastinum 
of rats. A well-planned series of experi- 
ments was then conducted to evaluate the 
effects of radiation, given according to a 
varietv of dose schedules. (The survival of 
animals treated with nitrogen mustard and 
corticosteroids alone and in combination 
with roentgen therapv was also studied.) 
These investigators conclude, on the basis 
of these experiments, that: (1) postradia- 
tion edema within tumors is not a cause for 
concern since any that mav occur is offset 
by concomitant tumor shrinkage; (2) pro- 
longed low dose therapy, to avoid this 
complication, therefore, is not necessary; 





Fic. 4. Case rx. (4) Frontal roentgenogram of the chest. There are irregular masses visible to either side 


of the midline structures. The second right rib is thinned and notched in its posterior aspect, and the 
second interspace is widened. The trabecular pattern of the ribs is abnormal, as seen in their axillary 


portions on the right. (4) Frontal roentgenogram of the right femur. There is subperiosteal new bone 


formation along the femoral shaft (arrows) in association with mottled rarefaction, centrally. 


The presence 


in a child of an intrathoracic paravertebral mass, not of recent origin, with metastases to the skeletal 
system and mediastinal lymph nodes is strongly suggestive of neurob stain. When coupled with the 
clinical picture in this case, the diagnosis became almost certain. 
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(3) protracted low dose regimens do not 
give as good control as rapid high dosage 
techniques; and (4) rapid, high dose therapy 
is safe and more likely to secure a good 
clinical result. 

We agree that prolonged low dose radia- 
tion therapy is unnecessary and poten- 
tially self-defeating because a radio-insensi- 
tive tumor might well progress during the 
course of overly cautious treatment regi- 
mens. On the other hand, although origi- 
nally skeptical, we now have little doubt 
that irradiation of various tissues can lead 
to local edema. It has long been stated that 
children receiving roentgen therapv of the 
nasopharnyx because of regional lymphoid 
hyperplasia occasionallv develop bilateral 
swollen parotid glands.’ Our experience has 
been similar, the change taking place 
within hours following the delivery of 200 r 
or less. Return to normal occurs within a 
similarly short time. We can find no ex- 
planation for this phenomenon other than 
postradiation swelling of the parotid gland. 
We also have seen pronounced enlargement 
of cutaneous hemangiomas after doses of 
about 200 r. Two infants with glottic 
hemangiomas and narrowed airways de- 
veloped respiratory distress after radiation 
treatment. Both became severely dvspneic 
6-8 hours after delivery of about 150 r 
(tumor dose) to the larynx. Tracheal occlu- 
sion occurs with this lesion spontaneously, 
so 1t cannot be stated with assurance that 
radiation therapy precipitated the compli- 
cation. We have not, however, seen this 
again since we instituted a thérspeutie 
regimen similar to that outlined above. 

In summary, we believe that the radiation 
therapy technique here advocated mini- 
mizes any potential risk without undue 
compromise in speed. The hours of treat- 
ment are selected so as to ensure that any 
respiratory distress associated with therapy 
will not occur during the early morning 
hours. It is then that acute respiratory em- 
barrassment more readilv escapes notice. 
The critical time interval seems to occur 6 
to 8 hours after treatment, as judged from 
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our experience with the 2 children with 
laryngeal hemangiomas, described above. 
It is also our practice to alert our colleagues 
on the surgical staff so that they will be 
thoroughly conversant with the problem, 
and can make appropriate preparations. 

Hydrocortisone and ACTH have both 
been employed in the management of pa- 
tients with lymphosarcoma. Equally good 
results have been obtained with either 
agent. Since it is the adrenocortical prepa- 
ration which leads to lympholvsis? we 
have more recently used intravenous hydro- 
cortisone, by preference. 

The combined treatment outlined above 
is tolerated well by the children, and is de- 
signed to procure rapid regression of the 
constricting tumor masses. Although the 
prognosis is grave in all these patients 
(Table 1), the initial results of treatment 
are very gratifying and severe respiratory 
distress often can be relieved within hours. 


SUMMARY 


Nine children with the superior medi- 
astinal syndrome secondary to a malignant 
disease are reported. This rare complica- 
tion, most often seen in patients with 
lymphoma, constitutes a medical emer- 
gency. It often responds promptly to treat- 
ment with simultaneous chemotherapy and 
radiation therapy. 


Giulio J. D’Angio, M.D. 

Children's Cancer Research Foundation, Inc. 
35 Binney Street 

Boston, Massachusetts 02114 
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UNUSUAL BENIGN AND MALIGNANT SEQUELAE TO 
CHILDHOOD RADIATION THERAPY* 


INCLUDING “UNILATERAL HYPERLUCENT LUNG” 


By WALTER E. BERDON, M.D.,+ DAVID H. BAKER, M.D., and JOHN BOYER, M.D. 
NEW YORK, NEW YORK 


"p report by Arkin e al} in 1950 of an 
unusual case of scoliosis and lumbar 
vertebral deformity in a 13 vear old girl, 
who had received postoperative radiation 
therapy for a Wilms' tumor at the age of 19 
months was the first of a number of reports 
concerning postradiation bone changes in 
survivors of childhood tumors.1^2527.2s 

Growth disturbance not only in regions 
but also in individual bones, exostosis 
formation* $77 and muscle hypoplasia 
have been noted in longitudinal bone 
studies of children treated with radiation 
early in life for malignant as well as benign 
disease. 

These clinical observations have been 
matched by experimental production of 
similar dysplastic changes by radioactive 
isotope administration, both systemically 
and locally adjacent to growth centers, and 
by external radiation to a growth center.” 

A review of our own experience with long 
term survivors following childhood radia- 
tion therapy, plus a review of published 
cases, suggests some of the following gen. 
eralizations: 

1. The more growth potential a bone has, 
the more it is apt to show the effect of the 
radiation on orderly bone formation and 
growth; że., an iliac bone will show more 
change than a rib, a femur more than a 
fibula. 

2. Time is required in order to develop 
these changes. Short term survivors will 
obviously not grow enough to manifest 
them. 

3. Dosage levels roughly parallel the 
radiation effect. Because the higher doses, 
usually over 2,000 r tumor dose, were given 


for malignant disease, the survivors in this 
group showed the most severe changes. 

4. Where the primary disease involved 
bone, radiation effects were more pro- 
nounced. 

5. The spine grows, as do long bones, by 
enchondral bone formation.! Both sites 
showed growth retardation and distortion; 
the long bones also showed neoplasia with 
osteochondroma formation. No known 
malignant transformation has been ob- 
served in such postradiation exostoses to 
date. 

6. Radiation induced malignancy in 
children was seen, osteogenic sarcoma de- 
veloping in a survivor of retinoblastoma. 
Such sarcomas have been associated, in 
general, with high dosage, exceeding 4,000 r 
tumor dose. This amount has been em. 
ploved in children most commonly when 
small portals were irradiated, 7.e., orbital 
lesions. 

Examples illustrating these changes, plus 
an unusual case of "unilateral hvperlucent 
(transradiant) lung," which developed in a 
survivor of metastatic Wilms’ tumor are 
presented. All patients, unless otherwise 
noted, were treated with orthovoltage 
roentgen therapy: 200-220 kv., half value 
layer 0.9-1.0 mm. copper. 


WILMS' TUMOR 


A review of 42 patients with Wilms' 
tumor seen at Babies Hospital between 
1934 and 1956,” treated with surgery and 
postoperative irradiation, showed that the 
prognosis improved when the diagnosis was 
made at an early age; children treated be- 
fore the age of 2 years had a significantly 


* From the Department of Radiology and Pathology, College of Physicians and Surgeons (Babies Hospital), Columbia Presbyterian 


Medical Center, New York, New York, 


} Scholar in Radiological Research of the James Picker Foundation. 
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better survival rate than older patients. 
Also, radiation changes appear to occur 
more often in the vounger patients, pri- 
marily because the older children did not 
survive long enough to exhibit the radiation 
dvsplasias. 

Wilms’ tumor patients (Fig. 1, 7, B and 
C) were treated at Babies Hospital t through 
large anterior and posterior portals that 
crossed the midline and included the ipsi- 
lateral iliac crest with its apophysis. In 10 
of the 42 patients, serial abdominal roent- 
genograms showed progressive ilac and 
vertebral growth changes. The true inci- 
dence of these changes in survivors is not 
known since in some cases only chest 
roentgenograms were made on follow- SUD; 

while others were lost to follow-up. 

As well described by Neuhauser and his 
colleagues! in 19:2 and in several recent 
reports," 77 the radiation effects present on 
serial roentgenograms show a retarded and 
distorted growth pattern. Subcortical lu- 
cent zones progress over a period of months 
to subcortical growth arrest lines, showing a 
"bone within a bone" pattern. The ' 'bone 
within a bone" is approximately the verte- 
bral size at the time of therapy. The bodies 
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are bulbous. As growth continues, the 
bodies become diminished in height and 
irregular in shape, with anterior-inferior 
m pu E at ius site of PEL rim or 


sii ai d tie wee ulo- = Bralsierd) 
and cretinism. Even canes the portals 
cross the midline, the half of the body on 
the side of the tumor shows maximum 
effects, due probably to a combination of 
distorted muscular stress and some tall-ott 
in dosage. 

À prev iously unrecognized radiation 
effect in children appeared m one of the 
patients in the form of a “hyperlucent 
lung." 


ILLUSTRATIVE CASE 


Case 1, An 8 week old female was treated in 
1922 for a rightsided Wilms’ tumor by neph- 
rectomy, followed by a 3,300 r tumor dose to 
the right abdomen. Ten years later vetebral and 
iliac hypoplastic and dysplastic changes were 
noted (Fig. 2, 4 and B) with the final appear- 
ance of a moderate scoliosis, a small right iium, 
and hypoplastic right paraspinal musculature. 

Ten months following nephrectomy, a large 
right middle lobe mass extending to the pleural 





Fic, 


. Rightsided Wilms’ tumor in an 8 month old girl. 


Gn Normal lumbar spine and pelvis before 3,000 r postresection radiation therapy was given. (B) Ten 
months later, follow-up roentgenogram shows bulbous lumbar centra. (C) Ten years later, flattened, 
irregular and hypoplastic lumbar centra have developed with mild kyphoscoliosis. 
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Fic. 2. Case 1. Rightsided Wilms’ tumor in an 8 week old girl. A dose of 3,300 r was given after resection. 
(A) Ten vears later, the lumbar spine and pelvis show both distorted contour and hypoplasia. (B) Lateral 
roentgenogram of the lumbar spine shows irregularity and flattening of the centra. 


surface was detected. Lateral roentgenogram 
of the spine at this time revealed postradiation 
bulbous centra and a “bone within a bone" ap- 
pearance (Fig. 2C). A tumor dose of 1,500 r was 
delivered to the entire right lung with the 
scapula and mediastinum within the therapy 
port tal. Within 3 years (Fig. 2D) and progres- 
sivelv since then, the right lung has become 
hvperlucent with diminished vasculature. The 
right hemithorax is smaller than the left, with 
a mediastinal shift to the right. A right osteo- 
chondroma of the scapula tip is now present. 
The decreased vasculature was confirmed by 
venous angiocardiography (Fig. 2 £). 

Following angiocardiography, symptoms sug- 
gesting intra-abdominal inflammatory. disease 
led to a gallbladder and a small bowel contrast 
study (Fig. 27). Findings resembling a dittuse 
jleitis were seen in the right side of the abdon Ben 
within the portal of ir: radiation. The patient's 
symptoms disappeared on antispasmodic ther- 
apy. 


Comment. Lumbar hypoplasia with iliac 
distortion is not unexpected following a 
dose of 3,300 r in infancy. All radiation 
effects in this patient were within the 
treated areas. During 10 vears of follow-up, 
the growth of the patient magnified this 
radiation effect. The gradual appearance 
of a transradiant or hyperlucent lung as a 
complication of irradiation has not previ- 
ously been reported. Prior reports of this 
unexplained entity 51: 05:1529?! have stressed 
recurrent childhood respiratory infections; 
our patient had one episode of right middle 
lobe pneumonia in 1957. 

Some patients with hyperlucent lung have 
demonstrated on pulmonary function 
studies’ increased residual lung volume 
and elevated pulmonary wedge arterial 
oxygen levels. Several have been operated 
upon because of hemoptysis.5 Although 





tion therapy, a right middle lobe metastasis de- 
veloped. 

(C) Lateral roentgenogram of the spine at this 
time revealed postradiation bulbous centra and a 
"bone within a bone" appearance. 


and even nonhtlhng of the pulmonary 
arteries, patent pulmonary vessels with 
enlarged bronchial arteries have been found 
at surgery. It has been suggested that 
bronchial artery-pulmonary artery shunts 
account for the high oxygen levels and for 
failure of the pulmonary vessels to opacify 
on right sided angiocardiograph y.? 

Qur patient had not only radiation dam- 
age and pneumonia, but also a metastatic 
lesion. Liebow ef a7.,^ in addition to studies 
on bronchial artery shunts in bronchiecta- 
sis, demonstrated a bronchial supply to 
primary and metastatic malignancy.’ We 
feel that the increase of a bronchial artery 
supply from the neoplasm could be added 
to the radiation inflammatory change 1n a 
patient with at least one known episode of 
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pneumonia. This could also account for 
vascularization during healing. Such proc- 
esses are capable, in view of Liebow and 
his co-workers’ work," of opening up bron- 
chopulmonary shunts. The high bronchial 
artery pressure may produce a "counter- 
flow” effect between the pulmonary and 
bronchial circulation which can be detected 
by angiocardiography and by the pressure 
changes in the pulmonary artery of such 
patients. Catheterization data supporting 
such a relationship have been reported.” 


NEUROBLASTOMA 


Since 1932, 84 children with neuroblas- 
toma have been seen at Babies Hospital. 
Prognosis has again been better in patients 


o 





Fig. 2. Case 1. 

(D) Three years after chest radiation therapy 
(1,500 r) for the metastasis, a right scapular exos- 
tosis is present and the right lung shows hypovas- 
cularity and hyperlucency with mild mediastinal 
shift. These findings have become even more pro- 
nounced later. (E) Left antecubital venous angio- 
cardiogram confirms the right lung hypovascu- 
larity. Major vessel obstruction 1s absent. 
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who were diagnosed at less than 1 vear o. 
age." Four patients with disseminated dis- 
ease (£e. skin, bone marrow, liver and 
abdominal masses) who were less than 6 
months of age at the time of diagnosis are 
alive and well, 3 to $ years later. 

In contrast to Wilms’ tumor, neuroblas- 
toma often invaded and destroyed adjacent 
bone and cartilaginous structures. We have 
found, as did Rubin ez a/.™ and Neuhauser 
et al., that such prior bone damage, when 
combined with radiation effect, results in 
the most severe dysplasias, as opposed to 
the normal bone included within radiation 
portals in cases of Wilms’ tumor. 

Figures 3 through 5, inclusive, show 











'pical adrenal and mediastinal tumors. A 





ty 








Fic. 2. Case 1. 
(F) Small bowel study done several days after 
E shows ileal loops with spasm, irregular and dis- 
torted valvulae, and mild separation of loops, 
mimicking inflammatory disease and confined to 
the portal of irradiation. 
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Fic. 5. Neuroblastoma. 

(4) A 10 month old boy had had a left posterior 
mediastinal neuroblastoma which was biopsied, 
partly excised and treated with 2,600 r tumor 
dose. (8) Eight years later, a left humeral osteo- 
chondroma, which had its ineipiency 23 years after 
4, is demonstrated. Although still benign in 
appearance, it continues to grow and excision is 
planned. 











celiac syndrome complex in 1 of our pa- 
tients with an adrenal neuroblastoma dis- 
appeared following surgery and radiation 
therapy. The association of such diarrhe: 
with benign as well as malignant neural 
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tumors has been discussed recently.” The 
exact cause and effect relationship between 
the increased amounts of catecholamines 
from the tumor and the diarrhea is not 
known. 
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Fic, 4. Neuroblastoma, An 8 month old boy 
with chronic diarrhea had had a left ad- 
renal neuroblastoma, involving the lymph 
nodes, which was biopsied and partly ex- 
cised. A tumor dose of 3,500 r was given. 

(4) The spine 1 year after radiation 
therapy shows bulbous centra and “bone 
within a bone" appearance. (B) Two 

years after radiation therapy, a left cos- 
totransverse exostosis 1n seen on the 12th 
rib. (C) The spine 10 years after radia- 
tion therapy shows irregular flattened 
bodies. 
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vot only growth disturbances but neo- 
plasia in the form of exostoses was noted 
(Vig. 3B and 5C). If the bone was originally 
involved ($5), the scoliosis was severe. It is 


important to note that the scoliosis in a 
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case of a mediastinal neuroblastoma invad- 


* 


ing en right-sided ribs and vertebral ap- 
pendages was toward the normal side with 
spreading of ribs and centra; this is the 
opposite of the usual radiation efect.” 
In addition, radiation changes were present 
in the centra, Even though the patient was 
treated with supervoltage 22.5 mev. roent- 


gen rays, bone changes were severe, includ- 


ing a emo scapula exostosis ns 26). 
The “bone e-sparing" properties of super- 


voltage therapv are real within the small 
spaces in bone; however, epiphyseal plate 
cartilage 1s not "spared." Retarded, dis- 
torted and abnormal bone growth resulted 
regardless of whether ortho- or supervol- 
tage therapy was used. Long term compari- 
sons of results with ortho- and super- 
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Fic. 5. Neuroblastoma. 

(4) A 6 month old girl had had para- 
plegia and a right posterior mediastinal 
neuroblastoma invading ribs, vertebrae 
and the epidural space. Biopsy and lam- 
inectomy were followed with 3,500 r, 
1 mev. eraron roentgen therapy. 


SIS Is ; present, away from the side of the 
mass and the irradiated area. The re. 
sidual mass probably contains fibrous 
tissue and benign neural elements. (C) 
Six years following radiation therapy, in 
addition to progressive scoliosis, a right 
scapula osteochondroma is present. 


'oltage therapy in children are not avail- 
able. 


RETINOBLASTOMA 


At Babies Hospital, retinoblastoma in- 
volving a single eye is treated by enuclea- 
tion. When the remaining eye is involved, 
radiation therapy and, rec ‘ently, chemother- 
apy are utilized in an attempt to save the 
sight. Currently, 22.5 mev. roentgen rays 
to an average tumor dose of 2,500-3,000 r 
plus chemotherapy, usually TEM, are em- 
ployed.? In the late 1940’s and early 1950's 
however, orthovoltage roentgen the apy 
was used in very high doses, usually 8,000 r 
air dose to a lateral temporal and 6,800 r air 
dose to an opposite nasal oblique field. 
Forrest? and Reese ef a7? reported post- 





Fic. 6. Case n, Retinoblastoma. A 12 year old boy 
with bilateral eye enucleation for retinoblastoma. 
The left eye was enucleated first at the age of 6 
months. Four months later radiation therapy was 
given to the right eye (8,000 r in air to the lateral 
temporal and 6,800 r in air to the opposite oblique 
nasal port). Because of suspected recurrence, 3 
months later this eye was also enucleated. 

(4) A large mass fills the right nasal cavity and 
the right maxillary sinus is opacified. The orbits 
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radiation malignancy, usually osteogenic 
sarcoma or fibrosarcoma, in survivors of 
such therapy. Malignant transformation 
was found in £.3 per cent of the cases. 
Latent periods as long as 26 vears were ob- 


served; the average latent period was 65 


vears. The dosage in most cases exceeded 
5,000 r. No patient survived such a sar- 
comatous change. An example of a case 1s 
presented. 





ILLUSTRATIVE CASE 


Case n. The left eye of a 6 month old boy 
was enucleated in 1950 because of a retino- 
blastoma. The right eye, normal at that time, 
was involved with tumor 4 months later. He 
was treated with 8,000 r in air to the lateral 
temporal and 6,800 r in air to the opposite 
oblique nasal port. Three months later, because 
of a suspected recurrence, the right eye was 
also enucleated. No tumor was present in the 
specimen. 

The patient was seen infrequently between 
1952 and 1962 when he was re-admitted with a 
large friable bleeding right nasal mass. Several 
biopsies in the summer of 1962 revealed only 
necrotic tissue, Eventually, an osteogenic sar- 
coma was found on curettage (Fig. 65). Roent- 
genograms confirmed the right nasal mass by 
showing opacification of the right antrum and 
changes secondary to enucleation and radia- 
tion (Fig. 6.4). No bone destruction or tumor 
calcification could be seen. The family refused 
the suggested exenteration and combined 
radiation therapy with chemotherapy. The 
child died 4 months later. 

At postmortem examination, no residual 
tumor could be found. A large subfrontal ab- 
scess communicating with both the right eth- 
moid sinuses and the right frontal lobe was 
present, complicated by streptococcal menin- 
gitis, 





Comment. The criteria formulated by 
Cahan ef a£? for radiation induced malig- 
nancy was met in this patient. A suffi- 


are small though the right side shows greater hypo- 
plasia and irregularity. (B) Curettage revealed 
osteogenic sarcoma. Postoperative laminagram 
confirms the orbital growth changes and shows 
intact bone walls. 
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Fic. 7. Cavernous lymphangiohemangioma in an 8 month old girl. 
(4) Contrast injection study shows huge tortuous interconnected channels and sinuses. A dose of 
1,500 r to the upper leg and 1,200 r to the lower thigh with overlap at the knee had been given. (8) Ten 
years later, multiple exostoses are present in the femur and tibia (confirmed at excision). 


ciently long latent period (10 years) was 
present. Histologically, the tumor differed 
from the primary neoplasm (osteogenic 
sarcoma versus retinoblastoma). The tumor 
developed within the portal of irradiation; 
pre-existent benign bone disease capable of 
giving rise to osteogenic sarcoma spontane- 
ously (ie., giant cell tumor, Paget’s dis. 
ease) was absent. 

Forrest? and Reese ef a7? found 16 cases 
of sarcomas occurring after radiation treat- 
ment of retinoblastoma—an approximate 
incidence of 6 per cent of those treated and 
surviving their original disease. This rela- 
tively high complication rate may have 
reflected both the high dosage used previ- 
ously and the relatively greater bone 
absorption of orthovoltage energies. Today 
22.5 mev. betatron roentgen rays are used 


with added chemotherapy; however, it is 
too soon to state whether this will eliminate 
such sarcomas in this group of patients. An 
unusual aspect of Case u is that no residual 
tumor was found at necropsy examination. 
Onlv curettage had been done. There are 
no reported cases of such radiation induced 
sarcomas in retinoblastoma survivors hav- 
ing been cured. 


HEMANGIOMAS 


Hemangiomas, the most common tumor 
of children, are treated with irradiation 
today only when severe impairment of 
function is present (7.e., orbit, palate, naso- 
pharynx), or when platelet trapping is 
found in association with giant cavernous 
hemangioma.®*” In the latter group, irradia- 
tion has been found to be the best method 


5 


Fic. 8. Large cavernous hemangioma of the left 
wrist in a girl treated elsewhere at the age of 6 
months with 6 radon seeds. 

(4) At the age of 4 years, the radius shows early 
bewing and the end of the ulna is destroyed. 
(B) At the age of 12 years, there is progressive 
radial bowing with a pseudo-Madelung deformity. 
The seeds were removed during a tendon trans- 
plant procedure. 


of treatment with resulting disappearance 
of the life-endangering thrombocytopenia 
and hvpofibrinogenemia. 

In previous years, many patients received 
radiation therapy for hemangiomas. Doses 
were high enough to affect normal osteo- 
cartilaginous growth sequence. Growth 


disturbance and neoplasia (in the form of 


osteochondromas) resulted. Fanconi and 
Hig, Murphy and Blount, and Cole and 
Darte? reported such exostosis formation 
following radiation treatment in infancy 
for cavernous hemangiomas. One of our 
patients (Fig. 7, £ and B) had a cavernous 
lymphangiohemangioma involving the leg 
which had been surgically treated without 
success, Multiple exostoses developed 
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sites of epiphyseal bone growth following 
radiation therapy. One was resected and 
found to be a benign osteocartilaginous 
exostosis. 

Spiess” in 1957 reported 3 cases of exos- 
tosis formation in children given thorium- 
X for bone tuberculosis in the late 1940's. 
The children were 4 to 6 years old at the 
time of treatment. In serial studies, epi- 
physeal growth arrest changes starting with 
transverse lucent lines were demonstrated. 
Within a year a dense growth arrest line 
migrating away from the epiphysis and 
concomitant peripheral exostosis formation 
at the edge of the growth disturbance zone 
were seen, clearly showing that the same 
chronologic factor was manifest in the neo- 
plastic as well as the dysplastic changes. 
Radioautographs in rabbits given tho- 
rium-X confirmed the deposition of the 
substance in cartilage. Two of the 3 pa- 
tients died of osteogenic sarcoma; Spiess 
does not mention the prior existence of 
exostosis at the site of the sarcoma. Thor- 
ium-X, emitting beta, alpha and gamma 
rays in its decay scheme, was responsible 
for the development of benign (exostosis) 
and malignant (osteogenic sarcoma) 
changes in the same patients. 

One patient, seen at Babies Hospital in 
1954, had been treated elsewhere as an 
infant in 1949 for a large cavernous heman- 
gioma of the right wrist. Six radon seeds 
had been permanently implanted, and 
gross ulnar destruction and radius distor- 
tion with bowing resulted (Fig. 8, Zand B). 
A pseudo-Madelung deformity of the radius 
developed which proved resistant to mul- 
tiple corrective procedures. If an activity of 
O.5—1.0 mc per seed can be assumed, the 
ulna received probably more than 3,000 
gamma r to its distal growth center, the 
radius less by virtue of the greater distance. 
Malignant change of a histologic nature did 
not develop although a great functional de- 
formity resulted. The severe accompanying 
muscle wasting and fibrous contractures 
were felt to be the cause of the progressive 
bowing of the radius. 
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SUMMARY AND CONCLUSION 


Infants and children treated by irradia- 
tion for both benign (hemangiomas) and 
malignant disease (Wilms’ tumor, neuro- 
blastoma, retinoblastoma) have shown 
radiation induced growth disturbances on 
serial studies. Undergrowth, vertebral dis- 
tortion resembling Morquio's spondyloepi- 
physeal dysplasia, severe muscle and bone 
atrophy and malignant transformation 
(osteogenic sarcoma arising 10 years after 
treatment of a retinoblastoma) are dis- 
cussed. Radiation effects were found to be 
related to the age of the patient, the nature 
of the primary disease, and the amount and 
quality of the radiation which was de- 
livered. 

An unusual case of unilateral hyperlu- 
cent lung in a patient cured of metastatic 
Wilms’ tumor is presented. A proposed 
mechanism involving the bronchial artery- 
pulmonary artery shunting, and related to 
the metastasis, the radiation, and intercur- 
rent pneumonia, is discussed. 


Walter E. Berdon, M.D. 

Department of Radiology 

Babies Hospital 
Columbia-Presbyterian Medical Center 
Broadway and 167th Street 

New York, New York 
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HODGKIN'S DISEASE* 
A REVIEW OF RADIOTHERAPEUTIC EXPERIENCE 
By J. FAYOS, M.D,,f R. HENDRIX, M.D.,t V. MACDONALD, M.D.,+ and I. LAMPE, M.D.1 


ANN ARBOR, MICHIGAN 


N AN entity such as Hodgkin's disease 

in which involvement of practically 
every organ and lymph node bearing area 
may occur, the histologic appearance may 
vary, and the course may be influenced by 
natural fluctuations and occasional long- 
term remissions, 1t is difficult to predict the 
result of any form of therapy. In spite of 
the introduction of several new chemo- 
therapeutic agents in recent vears, the most 
effective form of treatment of the disease 
still remains the judicious use of radiation 
therapy. General opinion today favors the 
use of higher doses of radiation than cus- 
tomary in the past,® an opinion with which 
we agree. The material available at the 
University of Michigan, however, includes 
patients treated with low radiation doses 
who have been followed over the vears. The 
occurrence of long term survivors among 
these prompted the study of such patients 
as well as others with respect to the in- 
fluence of age, sex, clinical and histologic 
classification, as well as radiation dose, 
upon survival, 


CLINICAL MATERIAL AND METHODS 


Four hundred and ten patients with 
Hodgkin's disease were irradiated at the 
University of Michigan Medical Center 
from the year 1940 through 1962 (Table 1). 
With few exceptions, treatment was started 
after the histologic diagnosis of Hodgkin's 
disease had been made by the Department 
of Pathology at the University of Michi- 
gan. In a few instances, therapy was initi- 
ated as a test of irradiation because a histo- 
logic diagnosis could not be established: 
most of these cases were confirmed by 
biopsy later. For the present studv, the 
original biopsy and necropsv materials were 


Tasg I 


HODGKIN'S DISEASE 1940 THROUGH 1962 


Patients Previously Untreated: 
Ratiotherapy at University 
of Michigan Medical Center 

Slides reviewed 

(1940 through 1955) 17 

(1956 through 1962) 9 
Slides not available for 

review 12 
Hodgkin's disease not con- 

firmed 8 
Patients Previously Treated 


288 


Total 


Ss 





reviewed without reference to the clinical 
course of the disease. 

The cases were divided in two major 
groups (Table 1). In the first were the pa- 
tients, 288 in number, who had not received 
any form of treatment prior to their initial 
treatment with radiation at the Univer- 
sity of Michigan. The second group was 
composed of 122 patients who had received 
some form of therapy, irradiation or chemo- 
therapy, prior to their acceptance for treat- 
ment with radiation at our institution. Be- 
cause of the unreliability of determining 
survival time from first treatment, the 
difficulty in accurately staging them and 
of obtaining details of previous therapy, 
these 122 patients were eliminated from the 
study. 

Of the 288 cases initially treated in this 
hospital, 1940 through 1962, the diagnosis 
of Hodgkin’s disease was confirmed histo- 
logically by this review in 268. Of these, 
175 were treated during the vears 1940 
through 1955 and have a follow-up period 
of at least $ years. Ninety-three were 





* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 29- 


October 2, 1964. 


T Department of Radiology (Alice Crocker Lloyd Radiation Therapy Center), University of Michigan. 
1 Department of Pathology, University of Michigan Medical School. 
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Taste H 
CLINICAL STAGING OF HODGKIN’S DISEASE 
Stage 1a. Involvement of only one lymph node 


region or a single extranodal lesion 
No constitutional symptoms 
b. Same as ta, with constitutional symp- 
toms 
Involvement of two or more contiguous 
lymph node regions confined to either 
upper or lower trunk 
Abdominal involvement 
Single extranodal site with involvement 
of adjacent lymph node region 
No constitutional symptoms 
b. Same as 11a, with constitutional symp- 
toms 
Involvement of multiple lymph node 
regions of upper and lower trunk 
Systemic involvement 
Liver, spleen or bone marrow involved 
Single extranodal site plus involvement 
of remote lymph node region(s) 
Peripheral plus retroperitoneal lymph- 
adenopathy. 
No constitutional symptoms 
b. Same as tila, with constitutional symp- 
toms, includes acute Hodgkin's dis- 
ease with no obvious lymph node 1n- 
volvement 


dee paneer ir Nr  '— ———  ————— EE E m d 


Stage ua. 


Stage IN a. 


treated during the years 1956 through 1962 
and include patients receiving "prophy- 
lactic" irradiation, a practice instigated in 
1956. 

Of the 20 cases in which the diagnosis 
could not be confirmed, tissue sections for 
12 were not available for review although 
a histologic diagnosis of Hodgkin's disease 
had been made in the past (5 of these pa- 
tients lived 5 or more years after institu- 
tion of treatment); 2 were cases of lym- 
phoma that could not be classified; 1 was 
reclassified as histiocytic medullary reticu- 
locytosis and another as a non-neoplastic 
process. The biopsy material was inadequate 
in 4. 

The present study is based on the 268 
patients whose ;ziial| treatment was Ir- 
radiation at this institution and whose 
diagnosis of Hodgkin’s disease was con- 
firmed by the present review of the histo- 
logic slides. 

Survival time was calculated from the 
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date of initial treatment rather than the 
date of onset of symptoms or time of diag- 
nosis. Patients who died of other causes 
were considered as dying of Hodgkin's 
disease. A few patients died before com- 
pletion of initial therapy and are included 
in the series. No patient was lost to follow- 
up. No correlations regarding race have 
been made in view of the few non-whites in 
the group (261 white, 6 Negro and 1 orien- 
tal). 

For the study, the pertinent information 
obtained from each hospital record was 
coded and introduced into cards using an 
inverse grouping technique; data were re- 
trieved by the method of optical coinci- 
dence.! 


CLINICAL CLASSIFICATION 


The clinical classification into stages used 
in this study is the one proposed by Peters 
and Middlemiss,? slightly modified (Table 
1). Each of the three stages has been di- 
vided into two substages according to the 
presence or absence of constitutional symp- 
toms. 

The relationship of stage to survival rate 
is shown in Table nr. Most patients (44 
per cent) were classified as Stage 11; Stage 
III was next in frequency (38.3 per cent); 
and Stage 1 the least common (17.7 per 
cent). Constitutional symptoms as one 
would expect were more frequent in pa- 
tients with more advanced involvement 
and had a constant adverse effect on sur- 
vival in all stages. The more advanced form 
of the disease, Stage 111, was more frequent 
in the older groups (Tables vi and vit). 


AGE AND SEX 


The age distribution by decades of the 
175 patients treated from 1940 through 
1955 1s shown in Figure t. The disease was 
most common in the group 20 to 29 years 
of age (21 per cent)—an observation sim- 
ilar to that of others.^? For each decade the 
sex distribution is shown in Figure 1. There 
were in all 114 (65.1 per cent) males and 61 
(34.9 per cent) females, a proportion of 
almost 2 to 1 in favor of the male. This 


Vou. 93, No. 3 


^ 





Hodgkin's Disease 559 





Taste IH 
RELATION OF CLINICAL CLASSIFICATION AND 5 YEAR SURVIVAL 
(1940-1955) 
| | | UE 
""—— PN $ Year Survivors 
Stage | No. of Patients | E rs nen of | z Benea 
| | TEAN | No. of Patients Per Cent 
EE ——— '''Á( (EE | pn—"—"———"————————' nma——-—-—-—----L— — — | PERMET PEUT : ir- eramanen ninn ———SÁQ 
là | 24 | :5 | 12 | $0.0 
ib | fi | .O | 9 | 28.6 
| — | | — | 
Stage 1 Total | 31 | £y | 14 | 45.2 
| | | | 
| : | | | | 6 
Ua | 41 | 3.4 | 19 | 46.3 
ub i 36 | .6 | 14 | 38.9 
i 
| P | | = | 
Stage 11 Total 74 | 44.0 | 2 | 42.9 
ma | 10 | 2 | 2 | 20.0 
ib | 57 | .6 | 7 | 1245 
| — | | E | 
Stage ut Total | 67 | 8.3 | 9 | 13.4 
É | | | | | = E 
Grand Total | 175 | 100.00 | 56 32,0 
"— — — PER RENDRA ane ee 
proportion was essentially maintained total group of 268 patients was studied; 


throughout all age groups except in the 
third decade, where the distribution of male 
and female was about equal. Similar age 
and sex distributions were found when the 


NUMBER OF PATIENTS 


AGE IN DECADES 


Fic. r. Hodgkin's disease. Age and sex 
distribution (1940-1955). 





65.3 per cent were male and 34.7 per cent 
female. 

The § year survival rate for each decade 
is presented in Figure 2. The survival rate 


40 TOTAL NO. OF PTS, 
ks PER GROUP (MALES & FEMALES) 
3 PERCENT 5-YEAR 
3} | SURVIVAL, PER GROUP 


NUMBER OF PATIENTS 





AGE IN DECADES 


Fic. 2. Hodgkin's disease. Age at onset of disease 
(males and females) and § year survival. 
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is greater in the first three decades decreas- 
ing thereafter. These findings are similar 
to those of Peters and Middlemiss.? 

When the male and female patients are 

gathered into 3 separate groups according 
` to age of onset of the disease, 0-29 years, 
30-59 years, and 60 years and over, and in 
each such group survival is determined, 
it is noted that in both sexes survival rates 
decrease with advancing age (Table 1v). 

The § year survival rate was 27.2 per 
cent for males and 41 per cent for females. 
This difference in survival rate suggests a 
better prognosis in the female but in this 
series the result is not statistically signifi- 
cant, X?=3.5. Similarly, the data pre- 
sented by Peters and Middlemiss? are in- 
conclusive, although the results of Jelliffe 
and Thomson‘ tend to confirm this impres- 
sion as they obtained a 5 year survival rate 
of 42 per cent for 64 females and 21 per 
cent for 107 males; a significant statistical 
difference, X* — 8.32. 

The relation of sex to stage and age is 
presented in Table v. The 5 year survival 
rate is higher for females in Stage 1, 60.0 
per cent versus 38.1 per cent for males, and 
in Stage II, 47.2 per cent as compared to 
39.0 per cent for males. When in each of 
these stages, the patients are subdivided 
into those with disease onset in the first 
three decades (0-29 years), and those with 
subsequent onset (30 years of age and 
over), the higher survival rates for females 
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are consistently maintained. With the 
numbers available, however, statistically 
significant differences cannot be demon- 
strated. The consistency of the phenome- 
non in Stage I and u and in each age sub- 
group is striking. Such consistent differ- 
ences do not appear in Stage 111, suggesting 
that disseminated disease wipes out a 
favorable sex factor. 

Tables vr and vir correlate the clinical 
and histologic classification with age and 
sex. The incidence of Stages 11 and m1 is 
different for the two sexes. Thirty-six per 
cent of the males are in Stage u and 45.6 
per cent in Stage m1, compared to $9 per 
cent and 24.6 per cent respectively for the 
females. In each sex, the incidence of Stage 
II decreases with advancing age while the 
incidence of Stage 1m increases. Stage 1, 
however, remains about the same. 

Constitutional symptoms were present in 
about the same proportion in each sex, 42.1 
per cent in the males and 44.3 per cent in 
the females. 

The distribution of the three histologic 
groups is also approximately the same in 
the two sexes. The sarcomatous form of the 
disease was more common in the older age 
group (Tables v1 and vir). 


HISTOLOGIC CLASSIFICATION AND 
SURVIVAL 


The classification of Jackson and Parker, 
dividing Hodgkin’s disease into para- 


Taste IV 


HODGKIN'S DISEASE: DISTRIBUTION BY SEX, AGE AT ONSET 
OF DISEASE IN DECADES AND § YEAR SURVIVAL 







No. of 
Patients 






1940-1955 
Males 
Age at Onset $ Year Survivors 
of Disease No. of 
Patients 
O-29 39 
30-59 53 
60-and over 22 
Total 114 
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Stage I 
Age 0-29 
30 and over 


Total 


Stage 1I 
Age o-29 
30 and over 


Total 


Stage III 
Age 0-29 
30 and over 





granulomatous, granulomatous, and sarco- 
matous types, was used. Some intermediate 
patterns were encountered, but all of these 
had some granulomatous features and were 
so classified. It is perhaps presumptuous to 
attempt a histologic classification of Hodg- 
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Tase V 


HODGKIN'S DISEASE: DISTRIBUTION BY SEX, CLINICAL CLASSIFICATION, 
AGE AT ONSET OF DISEASE AND $ YEAR SURVIVAL 


1940-1955 
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Taste VI 
DISTRIBUTION OF HODGKIN'$ DISEASE BY SEX, AGE AT ONSET 

OF DISEASE, STAGING AND HISTOLOGIC DIAGNOSIS 
1940-1958 


Males 


561 
Females 
Sua RI E EIS RAE 
: g Year Survival 
N € b 3 OG f | anwa serene menm SV e Mar Arr Nd t A Rl et mn t rua) ES et Nh eden ren ——— 
Patients | No. of Per C 
| Patients cree 
ene ENS ancien : 
4 4 100.0 
6 | 2 | 33.3 
i P p 
10 | 6 60.0 
| | 
22 | Il $0.0 
F E 
14 6 42.9 
ad E | 2 
30 | 17 47.2 
4 d 50.0 
E O 0.0 
"- | as 
16 | 2 | 13.3 
poc o Eee | €————————— —— —— -— 
OI | 25 41.0 





kin’s disease on the basis of a single biopsy 
in a patient with extensive involvement, 
but no other course was open to us. 

Table vit shows the relationship be- 
tween the histologic type, stage, and sur- 
vival rates. The inherent uncertainty of 


Staging (Per Cent) Histology (Per Cent) 
Age at Naor js Bi ksh ced Sec SE gaa as a a ta ete ce 
Onset of ie | 
D Patients : Para- Granu- S 
Isease I Il | Ili granuloma loma arcoma 
0-29 39 18 | 62 | 20 3 92 5 
30-59 $3. | — 19 | 23 58 6 79 15 
60-89 | 23 | 18 | 23 $9 5 | 68 27 
cec RD. I RHCEPEN S mV TNR te eel ald ee ep RT DR 
: | | 
Total 114 | 18.4 36.0 45.6 | 4.4 81.6 14 
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DISTRIBUTION OF HODGKIN’S DISEASE BY SEX, AGE AT ONSET OF DISEASE, 
STAGING AND HISTOLOGIC DIAGNOSIS 
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1940-1955 
Females 
Staging (Per Cent Histol Per Cent 
Apea UP taging ( ) ogy ( ) 
ron of Patients Para- Granu- S 
isease granuloma loma come 
0-29 nem 97 3 
30-59 5 go 5 
60 and over 9 36 55 
Total 3.3 83.6 13.1 
Tase VIII 
5 YEAR SURVIVAL ACCORDING TO HISTOLOGIC AND CLINICAL CLASSIFICATION 
(1940-1955) | 
5 Year Survivors 
Classification No. of Patients P ace of 
ae No. of Patients Per Cent 
Paragranuloma 
Stage Ia I 
Ha I 
Iib 4. 
Total 6 3.4 
Granuloma 
Stage Ia 21 
1b 6 
na 37 
ib 33 
nia 7 
nib 41 
Total 145 82.9 
Sarcoma 
Stage Ia 2 Oo Oo 
Ib I O o 
IIa 3 I 33-3 
mb 3 O o 
ma 3 o o 
nib 12 o o 
Total 24 1579 I 4.2 
Grand Total 175 100.0 56 32.0 
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Taste IX 


RADIATION THERAPY DOSE AND § YEAR SURVIVAL 


(1940-1955) 
| "400 r” Group | 2,000 r" Group 
| CEU NM Ec MM Dd E ———H: | MES MC HN NM MEE 
Sea | | $ Year Survivors | | 5 Year Survivors 
ibd gc | No. of ae ee ag gg ERE CE ——— | i o. O f | ——X— r erana 
Patients | No. of | Per Cent | Patients | No. of | Per Ce 
| Patients E ue | | Patients. | Aerwen 
RNC E EEEN EEN PE. T VIDE EEE IENEI EEL AAE RO E EE eee eee 
| | | | ` 
I | 8 | 2 | 25.0 14 | 9 l 64.3 
u | 26 | 8 | 30.8 13 | 6 | 46.2 
des "M | a PR 
m | i 
Subtotal 34 | 10 | 29.4 | 27 | 1$ Feb 
i | 
| | | | 
il a6 | 4 | Hao og ~~ boo | von 
o | qp + eas Se | ee —— 
Grand Total 69 | 14 | 20.3 ij 2 | I6 | $5.6 


the histologic classification may be re- 
sponsible for so many Stage 1mb cases in 
the paragranuloma group. The granulo- 
matous form was most common (145 
cases); the § year survival rate in this 
group was 36.6 per cent with decreasing 
survival in advancing stages and in pa- 
tients with constitutional symptoms. 
Twenty-four patients had a diagnosis of 
Hodgkin's sarcoma; only 1 survived 5 
years. Most of the patients in this group 
had advanced disease when first treated. 


TREATMENT 


The technique of radiation treatment of 
Hodgkin's disease used over the period 
under study can be grouped into three 
broad categories. In the early 1940's, all 
stages were treated with orthovoltage 
radiation (200 kv.) and a single regional 
dose of 400 r measured in air was given to 
the area involved. If more than one region 
was involved, several fields were used but 
each field received the same dose. Local re- 
currences were treated in the same way. 
We have called this method the “400 r” 
program. 

In the late 1940's and early 1950’s, some 
patients were treated with the same radia- 
tion with slightly higher doses, totaling 
about 1,000 r, measured in air, over a 
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period of 4 to 5 days. In mid 1950s an in- 
crease in the total regional dose was made. 
New patients were treated on a daily basis, 
generally with orthovoltage radiation (250 
kv. constant potential, half value laver of 
2.7 mm. Cu) until a dose of 2,000 r in air 
was given to a region in approximately 11 
to 14 days. A few received higher doses 
and others received between 1,500 r and 
2,000 r to a region. This regimen applied 
mainly to cases classified as Stage 1 or 11. 
We have called this method the “2,000 r” 
program. None of the patients treated 
from 1940 through 1955 received “prophy- 
lactic" irradiation to regional areas not 
known to be affected by the disease, a 
practice which was started in 1946. 

Chemotherapy has been used for those 
patients who subsequently developed gen- 
eralized manifestations of the disease after 
initial radiation therapy. It has been of 
great value in ameliorating symptoms of 
systemic manifestations of the disease. 
Regression of lymphadenopathy and other 
masses occurred but, in general, tended to 
be of short duration. 


RESULTS 


Table 1x presents the results of the lower 
radiation doses (the "400 r" group) used 
in the early years covered by this study, as 
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| 5 YEAR SURVIVAL ( ALL STAGES) 
i 
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1955-59 


1950-54 


*5 YEAR SURVIVAL FOR YEARS 1958 AND 1959 CALCULATED 
FOLLOWING ACTUARIAL METHOD 


1945-49 


1940-44 


Fic. 3. Hodgkin's disease. Distribution of clinical 
stages and § year survival rate divided in $ year 
periods. 


compared with those of the higher doses 
(the “2,000 r” group). The patients treated 
with doses between these two groups were 
excluded. Of 69 patients treated in the 
"400 r" program, an over-all 20.3 per cent 
€ year survival was found; for Stages 1 and 
u, the 5 year survival rate was 29.4 per 
cent. 

Ot 27 patients treated in the “2,000 r” 
program in Stages 1 and u, 15 (55.6 per 
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MARCH, 1965 
cent) were alive at 5 years. No Stage mI 
case was treated by this method. The dif- 
ference between 29.4 per cent and 55.6 per 
cent is statistically significant (N?— 4.5). 

When the 5 year survival of the patients 
treated from 1940 through 1959 is analyzed 
in § year periods starting in 1940, we find 
(Fig. 3) a 31.8 per cent survival in the 
1940 through 1944 period. Survival de- 
creases to 20.8 per cent in the next period 
(1945 through 1949) and from there on in- 
creases steadily up to the 1955 through 
1959 period where the predicted survival 
is 49.6 per cent, using the life table com- 
putation method. (The actual 5 year sur- 
vival for the years 1955, 1956, and 1957 
Was 51.2 per cent.) 

This increase in the 4 year survival rate 
in most recent years can be attributed to 
the beneficial effects of higher doses of 
radiation used, as attested by increased 
survival in Stages 1 and u in the 1950-1947 
group when compared to the 1940-1949 
period: 52.1 per cent versus 35.7 per cent 
(Table xi However, a part of the over-all 
improvement is due to a lower incidence 
of Stage mr cases in the 1950-1947 group, 
31.1 per cent compared to 42.2 per cent in 
the 1940-1949 group. 

It is to be noted that the lowest survival 
rate was in the period 1945-1949, when the 
highest incidence of Stage 111 was present 

(Fig. 3). 

Seventy patients have been followed for 

15 years or longer (Fig. 4). About £o per 
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HODGKIN'S DISEASE: 


DISTRIBUTION OF CLINICAL STAGE AND $ YEAR SURVIVAL 


1940-1957 
EMEN O9). 191200101 1. LLLLLLHAIGLLéCEC]LAO m 
1940-1949 1950-1957 
a qu a CMM MEE E E CRM SEE 
Stage | $ Year Survival | Year Survival 
Y } ae E. 
No. of p om e | No. of [UE ID eren 
Patients No. | | i No, of | Per Cent 

| | Pati | | Patients | Pr e 
n a SRI o aA Mem 

Stage 1 and H 56 | | 38 "M 

Stage III | 41 | | $ | [59 
EEA EU ——— Uh eain uus, pos RU RT RAN p CE an 

Total | 97 43 | 40.6 
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HODGKIN’S DISEASE OF BONE* 
FAVORABLE PROGNOSTIC SIGNIFICANCE? 


By JEROME STUHLBARG, M.D., and FRANK W. ELLIS, M.D. 
LONG BEACH, CALIFORNIA 


It IS frequently stated that the most im- 
portant factor in estimating prognosis in 
Hodgkin's disease is the clinical stage at the 
time of diagnosis or first treatment.? It has 
been our clinical impression for some years 
that our patients with bone lesions toler- 
ated their disease better and survived 
longer than those with clinical manifesta- 
tions limited to soft tissues onlv. Inasmuch 
as bone involvement almost always indi- 
cates a Stage 11 classification,^ !? we felt 
that an attempt to verify this seeminglv 
paradoxical impression would be of inter- 
est. We, therefore, reviewed all cases of 
Hodgkin's disease seen at this hospital from 
1946 to January, 1964, with special refer- 
ence to bone lesions. 


REVIEW OF LITERATURE 


Diverse opinions as to the significance of 
the osseous lesions of Hodgkin's disease 
have been expressed. In a survey of the per- 
tinent literature, ? $9 we found a state- 
ment in the excellent review of Vieta er al.” 
in 1942 to the effect that their patients with 
bone lesions seemed to have a longer survi- 
val. [In contrast, Uehlinger? believed that 
bone involvement was of grave signifi- 
cance. Fucilla and Hamann? expressed the 
opinion that the prognosis was not altered 
when such lesions were present. 

In a recent lengthy review of the factors 
influencing prognosis, the variables con- 
sidered included: stage of the disease at on- 
set, histologic classification, presence of 
constitutional symptoms, age, sex, preg- 
nancy, and location of the primary mani- 
festations. Such miscellaneous complica- 
tions as herpes zoster and jaundice were 
also discussed. Interestinglv, the question 
of bone involvement was not mentioned. 


MATERIAL 

It is realized that the diagnosis of Hodg- 
kin's disease of bone is subject to a variety 
of interpretations. We are speaking of that 
bone involvement in a patient with known 
Hodgkin's disease which is: (1) either clini- 
cally symptomatic, thereby calling atten- 
tion to its presence, or (2) so striking on 
roentgenograms as to be easily diagnosed. 
Autopsy examination will show micro- 
scopic evidence of Hodgkin's involvement 
of the bone marrow in virtually 100 per cent 
of cases regardless of clinical symptoms 
during life.* Bone lesions were rarely biop- 
sied inasmuch as the typical roentgeno- 
graphic appearance in conjunction with the 
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Fic. 1. Location of bone lesions in 
Hodgkin's disease—-30 patients. 


* From the Radiology Service, Therapy Section and Medical Service, Oncology Section, Veterans Administration Hospital, Long 


Beach, California. 
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Fic. 2. Survival rate of patients with Hodgkin's disease. 


soft tissue biopsy and clinical course were 
considered sufhcient. 

We reviewed 179 cases of Hodgkin's dis- 
ease, all males 20 years of age or older. Of 
these, 158 had complete clinical records, 
jxopsy proof, and roentgenograms available 
for study. Of the 158 evaluable cases, 30 
yad clinical bone involvement during their 
course for an incidence of 19 per cent. In 
Fucilla and Hamann's review of $ serie 
totaling 722 cases of Hodgkin’s disease, 

















the average incidence of bone involvement 
as 16.1. percent. 


RESULTS 


‘he question of “date of onset” of any 
malignant disease is subject to interpreta- 
tion of definition. We used the first date of 
biopsy proof of Hodgkin’s disease as the 
date from which survival was measured. 
The biologic onset of the disease may be 
months to vears prior to this arbitrary 

















Fic. 3. (4 and B) Sclerotic 4th lumbar vertebra; the most frequently seen lesion. 
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Fic. 4. Lytic lesion of the 3rd lumbar vertebra. 


date; nevertheless, we felt this made a uni- 
form criterion for all ca: 


comparison. 
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Fic. 5, Diffuse loss of fine trabeculation. 
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Fic. 6. as in Figure 5. Sclerosis and 
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partial x de of the roth and :1:th thoracic 
vertebrae. Destruction of several left ribs. E 





Ru pleural effusion and soft tissue masses. 





In these 30 cases, there separate 











areas of bone involvement, ee, of which 
may have represented several bones. The 





umbar vertebrae were most 
followed less often by 
The ribs, sternum, 


thoracic and 
frequently involvec 
the pelvis and sacrum 
scapulae, and skull were each affected in a 
ew cases, The distribution of bone involve- 
ment is seen in Figure 1. Of the 30 patients, 
ad only sclerotic lesions, 11 on 
esions, and 6 of them had both. Example 
of bone lesions are shown in Figures : 
through 3 i al pain called attention to 

















most of th esions, particularly the lytic 
ones, S Ma areas were an incidenta 
asymptomatic roentgenographic finding in 





Fic. 7. Sclerosis of left innominate bone, 
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Fic. 8. (4 and B) Several lytic lesions of the calvarium. 


a few patients. Radiation therapy was al- 
most always effective in controlling symp- 
toms of bone lesions, but onlv a few cases 
showed evidence of healing on subsequent 
roentgenograms. Bone involvement is said 
to occur either by hematogenous dissemina- 
tion or by direct extension of soft tissue 
masses. The most destructive lesions 
seemed to be associated with invasion from 
contiguous masses. Invasion of the medul- 
lary portion of bone is less easily detected 
on roentgenograms than is cortical destruc- 
tion. The bone lesions appeared late in the 
course of the disease in some patients, very 
early in others. One patient presented ini- 
tially with diffuse lytic bone lesions, and 
soft tissue disease did not appear until 
several years later. 

Figure 2 shows the survival rate of pa- 
tients with bone lesions as contrasted with 
those without such involvement. The dif- 
ference in survival is already evident at the 
end of the first year with 93 per cent of the 
bone disease group alive versus 66 per cent 
of the soft tissue group of patients. At zc 
years the figures are more striking with 4 
per cent of the bone group alive as opposed 
to only 16 per cent of those with soft tissue 
disease. At 10 years, the differences are less 
spectacular, but still present. Of all pa- 


tients surviving IO years or more, over half 
showed bone involvement. In the series of 
Vieta and colleagues," similar differences in 
the survival of patients with bone disease 
were recorded in the first few vears. How- 

ever, at $ vears the survival percentages 
were nearly equal, and remained the same 
up to 7 vears, the end of their observation 
period. 

As of Tanuarv, 1964, 22 of the 158 pa- 
tients were alive. Thirteen of diete 3 ive 
been followed for less than to years, the re- 
maining 9 for over to years. It might be in- 
ferred that if patients with Hodgkin’s dis- 
ease live long enough, bone lesions are 
likely to become demionstr able. However, 
this did not seem to be the case. More fre- 
quently, the bone lesions appeared early in 
the course of those who subsequently 
demonstrated a prolonged survival. Of our 
136 deceased patients, the average survival 
was 4.2 years. a E. A e ps 
opposed t to an average of 3 15. vears lob e 

with onlv soft tissue i cedendo 


SUMMARY AND CONCLUSIONS 
1. Of 158 patients with Hodgkin's dis- 
ease, 30, or Ig per cent showed bone in- 
volvement. 


$72 


2. Unlike other forms of malignant dis- 


ease involving bone, that seen in Hodgkin’s 
disease occurs in patients who have a 
longer survival than patients without such 
clinical manifestations. 


Jerome Stuhlbarg, M.D. 
Veterans Administration Hospital 
$901 East Seventh Street 

Long Beach 4, California 
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RADICAL IRRADIATION OF ADVANCED 
BREAST CANCER* 


By GILBERT H. FLETCHER, M.D., and ELEANOR D. MONT 


HOUSTON, 


HE widespread opinion among sur- 

geons that permanent control of breast 
cancer cannot be obtained by irradiation 
often leads to performing a radical mastec. 
tomy on patients with locally advanced 
tumors despite the known risk of a rapidly 
appearing carcinomatosis in the operative 
area. The justification has been that 
"radical mastectomy is the only chance" 
offered to patients for an occasional cure. 


A review of the literature shows that if 


one does not use rigid criteria to select cases 
for operation, the incidence of local recur- 
rence 1s high. With modern hormonal and 
chemotherapeutic management of breast 
cancer, internal metastases can be kept in 
check for lengthy periods of time. Disease 
recurring in the local area is seldom com- 
pletely eradicated by hormonal manage- 
ment and patients have to live with obvious 
disease on the chest wall, in the axilla or 
supraclavicular region. This external dis- 


ease may be the dominating event of 


the last period of their life and at times is an 
enormously troublesome problem of man- 
agement for the families and for the physi- 
cian in charge of the patient. Freedom from 
external disease on the chest wall and the 


regional lymphatic areas, therefore, is of 


great benefit to the patient. Hence, the 
analysis of the results of treatment should 
not only include survival rates but also 
freedom from local disease. 

In 1943, Haagensen and Stout! reviewed 
the course of 109 patients with breast can- 
cer of whom the only three §-vear survivors 
(2.8 per cent) developed a local recurrence 
and distant metastases shortly after the 5- 
year follow-up. The incidence of recurrences 
within the operative area was 47.7 per cent 
in the rog patients. Analysis of the clinical 
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features in this series of cases led Haagen- 
sen and Stout to define criteria of opera- 
bility. 

Baclesse?! initiated, in the 1930’s, a long 
protracted irradiation technique which 
produced not only significant survival rates 
but also permanent control of tumors in 
both the breast and axilla. Lenz,” in a small 
but interesting series of patients, using 
similar doses and treatment times, achiev ed 
a survival incidence of 30 per cent for pa- 
tients at 8 to 10 years. 


RADIOSENSITIVITY OF BREAST CANCER 


When only 4,000 to £,000 r were given in 
4 to 6 weeks, poor local control of inoper- 
able breast cancers was obtained.^!! Re- 
sidual tumor was found in all patients with 
advanced breast cancer irradiated preoper- 
atively with doses of 4,500 to 5,500 r in 6 to 
8 weeks.) A ¢4 per cent s-year survival 
rate was achieved in breast cancer patients 
treated bv irradiation only with 5,000 r in 

s weeks.” The better results in Guttmann's 
series point to the 1 importance of the size of 
the tumor masses In securing permanent 
control, since those patients who under. 
went triple biopsies must not have had 
locally advanced disease. The number of 
cells to be sterilized is greater in large 
masses with a larger proportion of cells in a 
state of hvpoxia or anoxia than in small 
tumors. 

There is no experimental proof that long 
protraction of the treatment for breast can- 
cer is superior to a shorter period of treat- 
ment time. However, the only series? *? in 
which a significant percentage of local con- 
trol and also long survivals have been ob- 
tained for patients with large inoperable 
masses are those in which therapy has been 


* From the Section of Radiotherapy, The University of Texas, M. D. Anderson Hospital and Tumor Institute, Houston, Texas. 
This investigation was supported by Public Health Service Research Grant No. CA-06294 and No, CA-os654 from the National 


Cancer Institute, 
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given with long protraction of treatment 
time. Better vascularization may develop 
as the treatment shrinks the large masses. 
There also may be a difference in the recov- 
ery factor of breast adenocarcinoma com- 
pared with squamous cell carcinoma. ™™ 

In Table 1 data from the literature on the 
correlation of dose-time with local control 
of disease and survival rates are sum- 
marized. 


CLINICAL MATERIAL 


In 1948, a program was initiated between 
the Breast Service (headed by E. C. White, 
M.D.) and the Section of Radiotherapy in 
which not only the technically inoperable 
cases but also the cases with clinical fea- 
tures similar to those fulfilling Haagen- 
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sen and Stout’s criteria of operability were 
treated only by radical irradiation (Table 
u). A simple mastectomy was done when 
the lesion was large and located in a pendu- 
lous breast or was ulcerated, which added 
technical difficulties for irradiation. Resec- 
tion is not done if inflammatory changes are 
present. With exceptions (Fig. 1B) gross 
cut- through of the lesion is avoided. This 
approach is not to be identified with the 
McWhirter policy of treatment.’ 


IRRADIATION TECHNIQUE 


Long protracted irradiation has been 
used for all patients with inoperable car- 
cinomas; the exceptions are 1 5 patients who 
received 4,000 to 5,000 rads in 4 to § weeks. 


These 15 patients were either scheduled for 


Tage Í 
RADIOSENSITIVITY OF BREAST CANCER 


Review from the Literature 


PEETA E A A E R R cosine pe e I E thee EEEE OS NSE EEOSE ce L PEE ERIS I O EEE E EEA Te Fe E E E EEEE 


Authors | Material | Dose in Time 
Atkins and | 8s local residual disease in inoperable cancers | 4250r ing wk, with 1.5 mm. Cu HV L, 
Horrigan? | | $000 rin 4 wk, with 22 mev. betatron 
i 


mm——— 





P 
T 5 MIRAE TE RICO ne rms CLLR Hk HE BATA Mey ARIA VASE iie em NA neve rr nre etm nee Puta tg metere senses rans e T messen ont rine rand d PR A a a d E nn IA RP aA RTI NR iS et tts mn nA stis i a AA: 


Baclesse?? 


: 
Carcinoma of breast (excluding Stage D 31% 5 yr., | 7,000 ror more in 12 to 14 wk. 
| 
al a and axilla tumor | 


a sTo IO yr. Significant proportion of disappearance | 
| ! 
i 
i 


RR RPM ORE ——Ó—— 


Cohen? | Miscellaneous (primary lymph nodes, chest wall | 1,240 r single dose (recovery factor 
nodules) i 0.345 skin reaction 6.235)" 


Friedman and 


Average lethal tumor dose oe r; 
Pearlman 


single dose (recovery factor o.24)* 


lene ERR 








Griscom and | 6555 residual local disease in inoperable carcinomas) 4,000 to $,000 rads in $ to 6 wk. using 
Wang! | 250 kv. 
Guttmann? | Patients with positive triple biopsy: £495 alive at | s,ooc r given in 5 wk. using 2 mev. 
m | 
I H 
ee een E a ——————————— E ee —— » 
Preoperative series of late cases: no instance of | 4,500 r given in 6 to 8 wk. at center 
complete destruction | of mass 
TN f Y Bel er TA. 
Lenz!5 30% with no evidence of disease 8 to 10 yr. of a | 6,000 to 8,000 r in 8 to 12 wk. 
| series of late cases treated by radiation only 
: s " ; ] : 
Residual disease in 15 late cases treated by radia- | Less than 5,500 r given 
tion only | 


* Strandqvist recovery factors: in erythema 0.31; skin cancer 0.22; UU for Cohen there is no increase of therapeutic ratio with 
fractionation, 
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preoperative irradiation and the plan 
changed during treatment or the 12 to 14 
week treatment time was not acceptable to 
them. An additional 79 patients who had 
either massive local disease, a poor clinical 
condition or were too aged, were treated pal- 
hatively. 


KILOVOLTAGE TECHNIQUE (250 Kv.—3 MM. 
CU HALF VALUE LAYE R) 
Originally, the multiple fields outlined 
bv Baclesse? were used. However, since 
1954 only 4 fields have been employed. 





Marcu, 1968 


They are: the anterior axillary and supra- 
clavicular, the posterior axillary and 2 
tangential portals (Fig. 2, Z, B and C). 
The principle of the Baclesse technique is 
to avoid moist desquamation of the skin at 
the 6 week period in order that the 12 week 
treatment can be completed. With 250 kv., 
3 mm. Cu half value layer, great attention 
must be given to developing erythema at 
the beginning of the fourth week. If the 
ery thema 1s too brisk or if there is evidence 
of vesiculation of the hair follicles, treat- 
ment is discontinued for a week. Areas of 





Fic. 1. (4) Patient, aged 72 years, seen in 
April, 1949, with a 10 cm. mass in a pendulous 
breast. The axillary lymph nodes were mod- 
erately enlarged. A simple mastectomy was 
performed. The histologic diagnosis was 
papillary adenocarcinoma of the breast. A 
tumor dose of 3,500 rads was given in 3 weeks 
to the axilla and chest wall. The patient ex- 
pired in September, 1963 because of cancer of 
the stomach, but there was no evidence of 
disease from the hreast tumor. 


(B) Patient, aged 61 vears, seen in January, 1951, with massive ulcerating disease of the nght breast. 
Her hemoglobin had been reduced to $ gm. per cent because of bleeding from the mass. No definite axil- 
lary lymph nodes were palpated. After multiple transfusions, a simple mastectomy was done for palliative 
purposes, The histologic diagnosis was poorly differentiated adenocarcinoma of the breast. Six weeks after 
the mastectomy, radical, protracted irradiation was initiated over a 12 weck period. The patient was alive 


and clinically free from disease in December, 1964. 


(C) Patient, aged 45 years, was seen in December, 1953, with a 10X 10 cm. mass occupying the upper 
hemisphere of the right breast extending below the nipple and areola. The overlying skin was fixed to the 
entire mass and was several degrees warmer than the skin of the opposite breast. À diagnosis of inflam- 
matory carcinoma was made clinically, An aspiration biopsy report indicated that malignant cells were 
present. The patient was treated from January 14, 19 $4 to April 15, 1954 by protracted radical irradiation 
given with 250 kv. The patient also underwent radiation castration. She was clinically free from disease 
in November, 1964, although there were severe skin and breast fibroses. Limitation of motion of the 
shoulder is minimal. (From Fletcher, G. H., and W hite, E. C, Possibilities of supervoltage roentgenother- 
apy in the management of cancer of the breast. South M. 7.5 1989, 52, 805-812. Courtesy of Southern 


Medical Association, Publisher. 
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*16. 2. (4) Tangential fields, separation 18 cm. or less. 
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(B) Tangential fields, separation is greater than 18 cm.; therefore, a direct internal mammary chain field 


is used. 


(C) Posterior axillary portal. With the use of an internal mammary chain field, the 2 tangential portals 
are parallel; if there is no separate internal mammary chain field, the medial portal is tilted 10 degrees 
downward in order to assure coverage of the internal mammary chain lymph nodes. 


Doses: 
Anterior supraclavicular field 
Tangential fields 


Axillary tumor dose using posterior axillary 


field to bring midline axillary dose to 


Internal mammary chain 


noist desquamation are usually present at 
5 weeks in the arm pit and inframammary 
told. 

The anterior and posterior axillary. por- 
tals are given 400 rads (skin dose) per week; 
they are irradiated on alternate days twice 
i week, no treatment being given on 
Wednesday. Between 350 to 400 rads (air 
dose) are given per week to the tangential 
portals depending upon the separation of 
the portals. Because of the irregularity of 
the contour and the elongation of the tan- 
zential portals, the actual skin dose is closer 
to the air dose than is the skin dose ob- 
tained from the back scatter tables. If there 


For protracted irradiation cobalt 60 1s used 


5,000 rads given dose in $ weeks 
q.s. for 6,000 rads tumor dose in 8 weeks 
(average) 


q.s. for §,coo rads tumor dose in § weeks 
(2,000 to 2,500 rads given dose) 

q.s. for 4,500 to 5,000 rads tumor dose in 
4 weeks (Co? 5,000 rads given dose, 
Cs" 6,000 rads given dose) 


is too great a separation of the tangential 
fields, the internal mammary chain is 
treated separately (Fig. 2, 47, B and C). 

At the end of 12 weeks, the delivered 
skin dose to the anterior and posterior axil- 
lary portals is 4,800 rads; this produces a 
midaxillary tumor dose of 7,000 rads for 
axillae of medium size and 6,000 rads tumor 
dose for thicker axillae. Each tangential 
held receives, at the most, 4,800 rads air 
dose which results in an estimated tumor 
dose to the primary lesion in the corpus 
mammae of 5,000 to 6,000 rads, as the mid- 
line contribution from both tangential fields 
Is approximately 110 to 120 per cent. 
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. Compression bridges for delivery of additional 
i dran to reduced tissue volume, The plastic 
bridge is used to achieve maximum build-up on the 
skin if the skin is grossly involved, 

A tumor dose of 6,000 rads is delivered to the 


breast by means of VM fields. Additional 
treat ment 1s delivered with fields reduced to cover 
only the residual tumor. The dose depends on the 
amount of disease present. An average of 2,000 to 
3,000 rads midline bridge dose is delivered i jn $3 to 
3 weeks. 


Unless the palpable tumor in the corpus 
mammae and/or axilla has completely dis- 
appeared 2 or 3 weeks before completion of 
treatment, additonal irradiation is given to 
the residual masses. Prior to the availability 
of megavoltage therapy, skin doses of 1,500 
to 2,500 ra ids were given with the 250 kv. 
unit in 10 to 1§ days with appositional fields 
covering economically residual masses. 
Since I954, tumor doses of 1,500 to 2,500 
rads have been given in § to 10 days with 
either a cobalt 60 unit or a short SSD 
cesium 137 unit with straight-on portals for 
irradiating the axilla or the breast, or with a 
small breast bridge for the tumor in the 
breast. Alternately, or in addition to the 
external beam boost, 2,000 to 4,000 rads in 
2 to 4 days have been given with interstitial 
radium implants, 


COBALT 60 TECHNIQUE 


Since 1954 the long protracted irradiation 
has been done more and more with cobalt 
60. Because there is a high probability of 
malignant cells infesting the dermal lym- 
phatics in advanced tumors of the breast, a 
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brisk erythema is desirable even though 
patches of moist desquamation cannot be 
avoided in the inframammary fold and 
armpit. Bolus is used on alternate treat- 
ments to the tangential fields (Fig. 4, Z 
and B). 

A contour of the breast is made to calcu- 
late isodose distribution with bolus and 
without bolus (Fig. 4, .7 and B). In 8 weeks 
6,000 rads are delivered through the tan- 


gential fields (750 rads per week) as a basic 
tumor dose. The skin reaction at the end of 
ae a oami or T week cca i Bde 





Fic. 4. (4) Patient in lateral tangential treatment 
position with breast applicator using no bolus. 

(B) Patient in medial tangential treatment posi- 
tion with breast applicator using bolus. 

Bolus is used on alternate treatments. In heavy, 
large, or pendulous breasts, the use of bolus is 
omitted for treatment given in the fourth and fifth 
weeks and use of it is resumed for treatment given 
in the sixth week through completion of therapy. 


lesquamation can be avoided by omitting 
volus in the fourth or fifth week. A given 
lose of 5,000 rads in $ weeks is delivered to 
he anterior axillary portal and q.s. to the 
x»sterior axillary portal to deliver 5,000 
ads tumor dose to the midaxilla in 5 weeks. 
At 3 cm. depth, the internal mammary 
‘hain receives 4,500 to 5,000 rads. 

Upon completion of the basic 6,000 rads 
umor dose, additional irradiation to pal- 
able residual disease in the breast and 
ixilla is delivered by means of: (1) cobalt 
© tangential compression technique (Fig. 
), (2) interstitial radium, and (3) gold 
eeds, or iridium implants. 

Depending upon the size of the residual 
nasses and the technique used, 2,000 to 
4000 rads are given in 2 to 3 weeks. Oc- 
asionallv, the 6,000 rads basic tumor dose 
ias been supplemented by giving an addi- 
ional 2,000 to 3,000 rads tumor dose with 
xternal beam through reduced fields (usu- 
lly by the tangential compression tech- 
ique) plus an extra 2,000 to 4,000 rads via 
nterstitial radium, gold, or iridium im- 
lant. Of 14 patients so treated, with 
umor doses 1n excess of 10,000 rads, only 2 
leveloped major necroses. A review of the 
ecords of these 2 patients showed that the 
nterstitial implant covered a large volume 
f tissue. When the volumes supplemented 
vith both external and interstitial irradia- 
ion have been kept small, no difficulty has 
'een noted. 


IRRADIATION PRECEDED BY SIMPLE 
MASTECTOMY 
KILOVOLTAGE TECHNIQUE (250 KV.—-3 MM. 
CU HALF VALUE LAYER) 

When the simple mastectomy scar was 
ongitudinal, the 12 week irradiation tech- 
uique has, as a rule, been used. When the 
car was transverse, a skin dose of 4,000 
ads was given in 4 weeks to the anterior 
nd posterior axillary portals: an air dose of 
,000 rads in 3 weeks was given to each 
angential field and an extra 1,000 rads in 
ir in one week were given to a narrow strip 
overing the mastectomy scar. There were 
nany deviations in the technique, 7.e., use 





Radical Irradiation of Advanced Breast Cancer 579 


LAT. 1238 CM. FIELD. AT 70 CM. SSD 
| MED. 12X10 CM. FIELD AT 70 CM. SSD 


BREAST GADGET BLOCKING 





18 CM 
THER AT RON -C060 


ISODOSE DISTRIBUTION CF ACTUAL CASE (IR CM BRIDGE SEPARATION?) 
WITHOUT BOLUS 


Q 


LAT 123 8 CM. FIELD AT 700M SSD 
MED 12170 CM. FIELD AT 70 CM. SSD 
BREAST GADGET BLOCKING 


18 CM 
THERATRON ~ co 60 


-INDICATES BOLUS 
PLACED AROUND 
BREAST 


ISODOSE DISTRIBUTION OF SAME CASE-WITH BOLUS 


o 


Fic. 5. (£) The dose varies from 100 per cent to 140 


per cent. An average dose of 130 per cent is gener- 
ally used. 

(B) The tumor dose generally ranges from 100 
per cent to 120 per cent with an average of 110 
per cent. 


of radium implants to chest wall and axilla. 
With this technique severe moist desqua- 
mation develops over the irradiated areas, 
taking weeks and at times months to heal. 


COBALT 60 TECHNIQUE 


With cobalt 60, the tangential fields are 


alternated with bolus and without bolus to 
deliver a tumor dose of 5,000 rads in § 
weeks. The anterior axilla-supraclavicular 
field receives 5,000 rads given dose, the 
posterior axillary field q.s. for 5,000 rads 
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tumor dose at midaxilla and the internal 
mammary field 4,500 to 5,000 rads at 3 cm. 
depth. 

At the completion of treatment, if axil- 
lary lymph nodes are still palpable, an addi- 
tional 1,000 to 2,000 rads given dose is de- 
livered in 5 to 10 days through small por- 
tals covering the lymph nodes only. If resid- 
ual induration is palpable under the scar, 
1,000 rads given dose in 5 days are delivered 
through reduced tangential narrow fields 
covering the transverse scar. 

In the patients with longitudinal scars, 
small straight-on portals with low voltage 
or interstitial implants (2,000 to 3,000 rads) 
are used to supplement the dose along the 
scar. Healing complications have been en- 
countered when it was necessary to cover 
excessively long or irregular scars. This has 
been true particularly with large supple- 
mental interstitial implants. Some patients 
developed prolonged moist desquamation 
and even chest wall necroses. In order to 
reduce complications, full coverage of scars 
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is sometimes compromised with limited vol- 
ume implants or doses are reduced. 


ANALYSIS OF THE RESULTS 


Patient records have been coded for 
analysis on IBM sorting machines. Table 
ur shows the incidence of active disease 
within local and regional areas for the vari- 
ous treatment subgroups. By order of fre- 
quency, the chest wall is the most common 
site of recurrent disease, then the axilla and 
supraclavicular areas. Parasternal nodules 
are the exception. 

There were 47 inflammatory carcinomas 
in the 273 patients of the long protracted 
irradiation technique series. In the inflam- 
matory cases, the local failure rate was 40 
per cent, while in the noninflammatory 
cases the failure rate was 25 per cent. The 
inflammatory carcinomas were large tumors 
(30/47>7 cm.; 20/47» 10 cm.). It is com- 
mon experience that the inflammatory cases 
do poorly.!* 

The tumors in the 15 patients who re- 


TaBLe III 
RADICAL IRRADIATION GROUPS 
Incidence and Anatomic Distribution of Local Recurrences 









Protracted Baclesse Irradiation* iie Week Mir 
Location of Recurrence Treatment Preceded 
Inf Noninflam- Time by Simple 
MEE matory Mastectomy 
Chest wall IO 33 
Chest wall and axilla 3 9 
Chest wall and supra- 
clavicular region I 2 
Chest wall and paraster- 
nal nodules 2 
Chest wall, axilla, and 
supraclavicular region I 2 
Supraclavicular region O o 
Axilla and supraclavicu- 
lar region I o 
Axilla 3 IO 
Parasternal nodules O o 
Total 19/47 58/226 77/273 
(40. 5700) (25.570) (287%) 


* One patient whole breast; one patient outer quadrant. 
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Taste IV 
PROTRACTED RADICAL IRRADIATION 
Correlation of Palpable Lymph Nodes with Residual or Recurrent Disease in Lymph Node Areas 
Lymph Nodes | No. of Patients Recurrence 
Axillary lymph nodes | | 
not palpable 42/298 (1505) | 1/42 ( 2.4%) 
single 9/213 (1450 5/39 (12.8%) 
multiple 192/273 (71%) 4/192 (12. 5%) 


apalane lymph nodes : 
not palpable | 231/293 oe | 6/231 ( 2.6%) 
palpable | 42/273 (159 | 1/42 ( 2.4%) 


nd CREER 


Al supraclavicular recurrences were associated with disease in the axilla or on the chest wall. 


ceived rapid irradiation (4 to 5 weeks) did 
not differ materially from the remainder of 
the tumors in the 273 patients who had the 
long protracted treatment in terms of size 
of the primary lesion, status of the axillary 
iymph nodes, supraclavicular lymph nodes, 
ind percentage of inflammatory carcino- 

nas. Nine local recurrences in these 15 pa- 
tients is in keeping with the percentage of 
ocal failures experienced in other series 
with similar techniques?) 

In the long protracted irradiation group 
in increasing incidence of failure to control 
lisease in the breast was demonstrated in 
hose patients who had large tumors. In 


159 patients with tumors of 7 cm. or more 
in diameter, there were 44 (28 per cent) 
local failures as compared to 19 local fail- 
ures In 114 patients (17 per cent) who had 
tumors less than 7 cm. in diameter. No 
difference was found in the response of 1n- 
flammatory tumors for the same size and 
same doses. No obvious correlation could 
be made between tumor dose and control of 
tumors in the breast, because larger 
"boosts" were given for larger tumors. 

Of the local recurrences, 75 per cent ap- 
peared within 2 vears. No local recurrence 
has been observed after 5 years in the long 
protracted irradiation series; 6 local recur- 


Tase V 


SURVIVAL RATES OF PATIENTS WITH BREAST CARCINOMA PREVIOUSLY UNTREATED AND WITH NO EVIDENCE 
OF DISTANT METASTASES AT INITIAL EXAMINATION AT THE UNIVERSITY OF TEXAS M, D. ANDERSON 
HOSPITAL AND TUMOR INSTITUTE 


January, 1948 through August, 1962 


Modal | No, of | Survived | Survived 
DON | Patients | 3 Years | 5 Years* 
i 
Radical mastectomy f | 788 | 78.9575 | 66.867, 
Radical irradiation$ | 455 | 45.5% | 32.6951 
alone | fass | (40.4% | [27.1% 
| preceded by simple mastectomy — | (167 | 153.3% 139.8% 
Total (definitive treatment) | 172° | 66.8% 54.5% 
Palliative treatment** | 79 | 23.5% 8.0% 
SS eaten Rah ee el sh CER | I IEEE | Sonor TON D NIE a ee ds | NOH a eee ) 5 e a a 
Total | 14322 | 64.2% | 51.6% 


Mun MD MM MM MEM CMM M D Dat aeons BARA AUS WATIA NAAA S AAAA Pat nnd fh es mm ene = oe me mens on ot yeee eee AA VAASAA EAA A one oeae teene eeraa a mpeane etyan AV VEV aA SeA HI AAAA ARATA AE SS asst odie hustineemneninneny aaae ings pereema an A a e AAAA AA AAAA ie 


* Berkson-Gage. 
** 63% older than 70 years. 
t 59% operability. 


t In absolute number, 116 patients are alive at 5 years, 17 with disease, 


§ 3895 Negroes or Latin-Americans, 1695 older than 70 years. 
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Authors and Years 
in Which Patients 
First Seen 


Haagensen (1935-42) 


McWhirter (1941—47) 
Paterson (1940-44) 


Smithers (1937-44) 
Taylor (1936-42) 


Prudente (1939-45) 


Richards (1933-43) 
Robbins (1924-49) 
Watson (1944-49) 
Bryant (1936-47) 


Harrington (1910-42) 
Nohrman (1936-41) 
Kaae (1931-44) 
Adair (1935-42) 
Englestad (1932-42) 
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'lABLEs VI 


WORLD RESULTS, BREAST CANCER THERAPYS 





Presbyterian, New York City 

Royal Infirmary, Edinburgh 

Christie, Manchester 

Royal Cancer, London 

Massachusetts General] Hos- 
pital, Boston 

Sao Paulo, Brazil 


Toronto General, Toronto 
Temple, Philadelphia 
Saskatoon, Canada 

Ann Arbor, Michigan 


Mayo Clinic, Rochester 
Radiumhemmet, Stockholm 
Radium Centre, Copenhagen 
Memorial, New York City 
Norwegian Radium, Oslo 


* Values adjusted from published data. 

t Selected 5 year survival. Only the operated cases are reported. 

1 Published data adjusted to include all untreated cases and to assume all deaths due to breast cancer. 

§ From Benninghoff, D., and Tsien, K. C.: Treatment and survival in breast cancer: A review of results. Brit. Y. Radiol., 1959, 32, 
450-454. Courtesy of British Institute of Radiology. 


rences were observed in the simple mastec- 
tomy group. No patient who developed a 
local recurrence within 5 years was alive at 
5 years. 


Taste VII 
SURVIVAL RATES IN PROTRACTED RADICAL 
IRRADIATION GROUP 
(Berkson-Gage) 
273 Patients 






Survival 





Inflammatory 

Noninflammatory 

Without local 
recurrence 

With local recurrence 


Palpable supraclavic- 


ular lymph nodes 
(absolute numbers) 









10/31 
(31%) 








Maren, 1965 
Absolute 
p Five 
qs er f Year 
0. 0 nto! Surviva]| System of Staging 


Patients | Early 





668 Criteria of operability 
1,882 Manchester 
1,675 Manchester 
1,093 Manchester 
430 Criteria after Haagen- 
sen 
64 Criteria after Haagen- 
sen 
1,056 Richards 
317 Portmann 
629 Manchester 
742 Criteria after Haagen- 
sen 
9,649 Scandinavian 
1,042 Scandinavian 
1,412 Scandinavian 
3,836 
1,584 Scandinavian 


Table rv shows a correlation between 
control of disease in the axilla and supra- 
clavicular area with originally palpable 
lymph nodes. When lymph nodes were not 
palpable, either in the axilla or the supra- 
clavicular area, failure in those sites has 
been exceptional. When lymph nodes were 
palpable in the axilla, only 12 per cent fail- 
ures were experienced. 

Table v shows survival rates for all pa- 
tients in our series seen without evidence of 
distant metastases on initial examination. 
They compare favorably with world re- 
sults (Table vi).5 In Table vir, survival 
rates of the patients with long protracted 
irradiation are correlated with inflamma- 
tory changes and local recurrences. The 
number of patients alive at 5 years with pal- 
pable supraclavicular lymph: nodes points 
out the fact that not all patients with this 
unfavorable sign are dead at 5 years. 
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Taste VIII 
COMPLICATIONS IN PATIENTS HAVING HAD IRRADIATION ALONE OR PRECEDED BY SIMPLE MASTECTOMY 


Frozen shoulder 


Severe skin fibrosis 


Preceded by Simple 


| | | 
| Protracted | Fi ve | Mastecromv 
PEENE PLAE a i ANGERS T een anne pene ee : 
| 250 kv. | Co? | 250 kv. | aso kv. — | Co? 
I late RR RR PE EEE eee ede EELEE. e ier REC EET E 
No. of cases | 182 | 91 | ig | 126 | 4t 
Chest wall necrosis with or without | | | | 
rib fracture 29(16%) | 5 (5.5%) | — — 14(11%) | 2(5%) 
Minor pneumonitis and/or lung fibro- | | | | 
sis, asymptomatic | 22(1295) | 16(18 | 1(;95) | (30%) 11 (27%) 
Major pneumonitis requiring treat- | | | | 
ment and/or symptomatic fibrosis | 15 (8%) || 30%) | — 6(995) |. 245%) 
Axillary fibrosis 8 (4%) | 1 (1%) | pe - | 2(2%) | 4 (10%) 
| : | | 
| | | 
| | 
| | | 


| 
Arm edema | 
| 


NENNEN EM MEM E MM MM ELEME M LE AES EE 


In some patients, palpable masses in the 
breast or axilla are probably caused by 
active disease but masses can be asymp- 
tomatic and be no problem in the over-all 
management of generalized disease. Fur- 
thermore, a palpable mass, static and 
asymptomatic, does not necessarily mean 
active disease. For instance, a patient was 
submitted to a radical mastectomy for a 
large persistent mass in the breast; the 
mass was made of amorphous hvaline ma- 
terial. 

Further irradiation was given locally in 
27 of the 133 patients with local recurring 
disease. In 17 of the 27 patients, 4,000 to 
7,000 rads (4,000 to 5,000 rads usually) in 5 
to 7 days were given with interstitial y-ray 
implants. There were 4 instances of necroses 
in that group of 17 patients. For the re- 
maining IO patients, external beam (140 
kv. 25:0 kv, Cs Cof") was used. With a 


1(2959) | 202%) 1 (2%) 
3 (392) — 3 (370) 3 (7779) 


were given in 3 weeks. With 140 kv. or 250 
kv., 3,000 to 4,000 rads only were given in 3 
weeks. No necrosis developed i in this group. 
Control of local disease was achieved in ap- 
proximately three-fourths of these patients. 

Table viii shows that severe complica- 
tions are fewer in the cobalt 60 treated pa- 
tients than in those treated by 250 kv. Also, 
late skin changes and fibrosis are less with 
cobalt 60. In the last few vears, physio- 
therapy in conjunction with the beginning 
radiation treatment has been routine. It 
has diminished the incidence and severity 
of limitation of motion of the shoulder. 





CONCLUSIONS 


Bloom e al. have reviewed the literature 
on the survival rates of patients with un- 
treated breast cancer. From the onset of 
symptoms (not from the onset of diagnosis) 
5 year survival rates are 16 per cent in one 


22 SSD cesium 137 unit, 6,000 to 7,000 rads series, 18 per cent in two series, and 22 per 
Tassie IX 
DIMINUTION OF LOCAL RECURRENCES IN PATIENTS HAVING HAD DEFINITIVE THERAPY FOR BREAST 
CARCINOMA FROM 1948 TO SEPTEMBER, 1962 
Se, fF MEGNMM 
i Madical iMastectom y Í i 3 
i * a | 
| Groups | Radical Irradiation | Total 
eee a Dd eae eS ee Ne ee MM MMMK-—-—-—-—-——-«—-—— PRU MEUM Duaci M nnd 
| $ Mf S | 
1948-1952 | 28/133 (20.0%) | 23/57 (40.0%) | 51/190 (26.8%) 
1955-1957 | 29/293 (10.0%) | 57/167 (34.0%) | 86/460 (18.7%. 
1958-1962* 13/362 (3.5%) | 3/231 (23.0%) | 66/593 (11.1% 
CIE RGAE NR EET SIE ON 


* Analysis in September, 1964, 3 of local recurrences appear within 2 years, 
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cent in one series. Only 2.8 per cent of the 
109 patients whose review led to establish- 
ment of the criteria of operability of Ha- 
agensen and Stout? were alive at § years. 
In Watson’s'® inoperable group (group 3) 
19.9 per cent were alive at § years from d 
time of treatment. The survival rates ob- 
tained in our series are not due only to the 
naturally slow evolution of breast cancer. 
Furthermore, 99 patients (20 per cent) are 
clinically free from disease at § years or 
more. À significant number of patients is 
approaching or has passed the 1o year 
mark. One can state that radical irradiation 
can control permanently breast cancers. 

Table 1x shows a diminution of local 
recurrences through the years as the cri- 
teria shown in Table 11 were applied more 
rigidly to the patients in our series. The 
survival rates and diminished incidence of 
local recurrences justify surgical conserva- 
asm and support the soundness of Haagen- 
sen's criteria of operability. 

The ultraprotracted irradiation tech- 
nique of Baclesse 1s an etfective means of 
obtaining a high percentage of permanent 
controls of inoperable breast cancers. 
Gilbert H. Fletcher, M.D. 

Section of Radiotherapy 

The University of Texas 

M. D. Anderson Hospital and Tumor Institute 
Houston, Texas 


The authors acknowledge the invaluable 
assistance of Mrs. Elmira Martin and Mrs, 
Mary Johnson of the Department of Epidemi- 
ology. 
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RAPID RADIOTHERAPY FOR INOPERABLE 
CARCINOMA OF THE BREAST* 
BENEFITS AND COMPLICATIONS 
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NOPERABLE carcinoma of the breast 
continues to be a problem of manage- 
ment. While hormonal therapy? and other 
chemotherapeutic approaches have shown 
usefulness, radiotherapy can aid these pa- 
tients by controlling the primary lesion, 
thus offering significant palliation. To be 
practical, palliative measures should be 
economically sound, rapidly performed, 
without serious sequelae and have a high 
degree of success. 

since 1957, a method of rapid radio- 
therapy for carcinoma of the breast has 
been employed at the Edward Mallinck- 
rodt [nstitute of Radiologv and has been 
the subject of a preliminary report.’ The 
current report is a presentation of the re- 
sults in the patients treated with this tech- 
nique during the initial 6 years. 


METHODS AND MATERIALS 


From January 1, 1957 to January 1, 
1963, 47 patients with inoperable carcinoma 
of the breast were treated with rapid radio- 
therapy. The breast and lymph node bear- 
ing areas were treated with an Allis-Chal- 
mers betatron unit producing 22.5 mev. 
(maximum) roentgen rays (Fig. 1, 4 and 
B). The breast or chest wall was irradiated 
using opposing medial and lateral tan- 
gential portals, 13 to 15 cm. in size. The 
lymph node bearing area on the homo- 
lateral side (including axilla, supraclavicu- 
lar, and infraclavicular areas) was treated 
with opposing anterior and posterior por- 
tals measuring 10X10 cm. to 15X15 cm., 
placed so that the inferior limit of the 
anterior portal conformed to the upper 
margin of the tangential breast portals. 


After the initial 18 months, the posterior 
portal was eliminated, since the lymph 
nodes are located more anteriorly. Begin- 
ning in 1961, lead blocks, 7.5 cm. thick, 
were placed over the superolateral aspect 
of the anterior portal in an attempt to de- 
crease the incidence of “frozen shoulder" 
(Vig. 2, Æ and B). Approximately 2 cm. of 
underlying lung tissue was included on the 
tangential ports to ensure that the entire 
tumor volume was irradiated. Two centi- 
meters of beeswax was used as bolus mate- 
rial on the anterior (lymph node) port and 
the tangential (breast) portals. The level 
of the maximum electron density (level of 
electronic equilibrium) was thus brought 
from 4 cm. below the surface to 2 cm. below 
the surface. Using bolus, the dose at the 
skin surface is estimated to be go per cent 
of the maximum dose on the anterior 
port and higher than this on the opposing 
breast portals. Because of the high energy 
and the bolus material, the inhomogeneitv 
of dose is estimated to be less than 15 
per cent except at the Junction of the ante- 
rior and tangential fields. This area may be 
high or low in dosage due to either over- 
lap or separation at this junction. Since 
each of these is known to occur, we now 
use a step field arrangement to prevent 
this error. 

In all cases, the entire treatment to the 
breast was given in 2 consecutive davs, 
followed by irradiation of the lymph node 
areas on the succeeding 2 consecutive days. 
Initially, the total tumor doses to the 
breast and to the lymph node areas were 
in the range of 1,250 r. After the early 
cases, the dose was increased to an aver- 


* From the Division of Radiotherapy, Edward Mallinckrodt Institute of Radiology, Washington University School of Medicine, 


St. Louis, Missouri. 


T Present Address: Cochran Veterans Administration Hospital, St. Louis, Missouri, 
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age of 2,500 r tumor dose for each area. 
Table 1 shows the distribution of the 
patients and the areas to which rapid 
radiotherapy was applied. In this series, 
76.5 per cent were advanced cases of car- 
cinoma (Stage m1 or Iv according to the 
International Clinical Staging") and $1 per 
cent of the patients had distant metastatic 
carcinoma when first seen. In 72 per cent 
of the patients radiation was delivered to 
the breast and lymph node areas as previ- 
ouslv outlined, while in 28 per cent smaller 
volumes were treated. Concurrent methods 
of treatment were used for many of the pa- 
tents. These consisted of systemic hor- 
monal agents, svstemic chemotherapeutic 
agents, roentgenologic or surgical castra- 
tion, adrenalectomy and hvpophysec- 
tomy. Eleven of the patients (23 per cent) 
had either a simple or radical mastectomy 
prior to radiotherapy. The follow-up course 
of all 47 patients is known. Six patients are 
alive with no evidence of carcinoma $9 to 
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68 months after treatment. Two patients 
survive with distant metastases 17 and 31 
months after therapy. Thirty-nine patients 
succumbed to distant metastases; 33 of 
these were closely followed, while in the re- 
maining 6 the dates of death and cause are 
unknown. 


RESULTS 
A. LOCAL CONTROL OF CARCINOMA 


Follow-up data were sufficient to assess 
the local control of the carcinomas treated 
with rapid radiotherapy in 42 patients; 
these are presented in Table rr. Correlation 
between the clinical control of the car- 
cinomas and the histologic material has not 
been attempted. Good control 1s defined as 
permanent improvement, manifest bv de- 
crease in inflammatory elements, healing of 
ulcerations, decrease in size of tumor mass 
and alleviation of pain or other local symp- 
toms (Fig. 3 through 6, inclusive). Thirty- 
seven patients fell into this category. In 2 


Fic. 1. (4) Anterior portal (1) for irradiation of the axillary, supraclavicular and infraclavicular lymph 
node bearing area and the superior portion of the anterior chest wall. Two centimeters of beeswax as bolus 
material is used. The shaded areas represent 7.5 cm. thick lead blocks used since 1961 to shield the supero- 
lateral portion of the shoulder and portions of the laryngopharynx. (2) Lateral and (3) medial tangential 
portals for treating the breast or chest wall and the lower axillary lymph nodes using 2 cm. beeswax bolus. 
( B) Posterior portal for treating the axillary, supraclavicular and infraclavicular lymph node bearing areas. 
This portal has not been used since 1959 because the lymph nodes are predominantly anterior structures. 
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Axillary lymphograms demonstrating the position of Ivmphatic channels (4) and lymph nodes 


(B) in relation to the shoulder joint. Lymph nodes are present overlying the apex of the lung and there is a 
lack of lymphatic tissue in the superolateral aspect of the shoulder. The shaded portions represent th e 


areas shielded from irradiation by 7.5 cm. t 


pd partial control of the neoplasms 

vas obtained (incomplete healing of ulcera- 
tion, partial resolution of tumor masses and 
reduction of inflam matory clements or 
local symptoms). Both of these patients 
were treated for Stage Iv carcinomas and 
both succumbed to widespre ad metastatic 
disease, 7 and 32 months after completion 
of rapid d ea In 3 patients there 
was temporary or no control of ue car- 
cinomas. Of these patients, 1 had a Stage 11 
carcinoma (survival 7 months alter radio- 
therapy), 1 had a supraclavicular lymph 
node recurrence following radical mastec- 
tomy for a Stage 1 carcinoma (s3 month 
survival after radiotherapy), and the other 
was a Stage 1 patient treated immediately 
postoperatively following a simple mastec- 
tomy in which tumor was incompletely ex- 
cised ( (39 month survival after completion of 
radiotherapy). 


SURVIVAL 


Of the 9 patients originally classified in 


Stage 1, § survived an average of 62.4 
months after radiotherapy without evi- 


thick lead blocks. 


dence of persistent carcinoma (Table 111), 
even though 2 of these survivors were 
treated with rapid — for local 
recurrences (s on or lymph node). Two pa- 
tients in Stage 1 had Bw control of the 
local lesions ee succumbing to meta- 
static disease, § and 44 months after com- 
pletion of ri adiotherapy. The other pa- 
tients in Stage 1 had temporary or no con- 
trol of their local disease before succumbing 
to carcinomatosis, 39 and £3 months follow. 
ing radioth erapy. 

The patients classified as Stage 1 sui 
vived 40 and 41 months with permanent 
local control of disease after receiving rapid 
radiotherapy; evidence of metastatic car- 
cinoma was present at the time of death. 

One patient with Stage ti: carcinoma of 
the breast is alive with good control of the 
breast and lymph node involvement but 
with evidence of metastatic carcinoma ai 
months following rapid radiotherapy. All 
other Stage 111 patients had metastases at 
the time of death after surviving an average 
of 18 months following radiotherapy. In all 
of these patients good control of the pri- 
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"iG. 3. Case 1, F.H. (2) February 2, 1057. This patient noted a gradually enlarging mass in her right breast 
for a period of 2 years. When first seen, there was a 10X 15 cm. fungating, ulcerating mass involving the 











entire outer one-half of the breast. She had multiple skin metastas s, palpable axillary and supraclavicular 





lymph nodes, and chest roentgenograms showed multiple pulmonary metastases. A biopsy of the breast 
was positive for carcinoma. On January 31, 1957, she gan a 4 day course of rapid radiotherapy with 
1,740 r tumor dose delivered to the breast and 1,840 r tumor dose to the lymph node area. She was also 
treated by radiation castration at that time, receiving 1,200 r tumor dose through opposing anterior 
and posterior betatron pelvic portals. (B) .fpril 5, 7957. Two months following completion of radiotherapy, 
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TABLE I 


PATIENT MATERIAL AND AREAS TREATED WITH RAPID RADIOTHERAPY 


























Patients Treated Areas Treated 
| | -— Breast, (0 Breast | |. Axilla | 
Stage | PUE eu | of EL ae. Breast E | s i 
ge | Seite | iu j 25doupree| oupi | | upra | cavieular 
| re clavicular | clavicular | | clavicular Region 
| | ? | Region Region — | Region | 
| Medically | 
| inoperable — | | 
| Postoperative, 
I | recurrence 
| Postoperative, 
| simple 
| mastectomy 
E EE A 
| Stage I Total 
| Postoperative, 
H simple 
| mastectomy 
EEA E E EEE E OE AE E CT 


| 
| Surgically 
| inoperable 
HI |, Postoperative, 
| simple 
| mastectomy 


| Stage IH Total 
TEES EO | 
| Surgically 
| inoperable 
| Postoperative, 
| simple 
| mastectomy 


t M—]Á| 


* Postoperative recurrences consisted of metastases only to lymph nodes in 2 cases, mastectomy scar recurrent tumor in i case and 
2 cases in which large nodal recurrences and skin metastases with ulceration occurred. 

T One Stage ut patient was retreated with rapid radiotherapy to the breast. 

1 One case of Stage 1v carcinoma of the male breast is included. Both breasts were treated in one Stage iv patient with bilateral 
carcinoma, The breast was retreated with rapid radiotherapy in one Stage tv patient. 


the ulcerated areas had almost healed and the masses had decreased markedly. Since considerable tumor 
remained, it was elected to re-treat the breast. On April 8, 1957, she began a 2 day course of rapid radio- 
therapy and received 1,760 r tumor dose to the breast through opposing tangential fields. (C) January 29, 
7958. Following the second course of radiotherapy, there was evidence of further tumor regression. She was 
placed on hormonal therapy and remained on this medication £3 years. Asymptomatic pulmonary fibrosis 
of the right upper lobe was discovered in December, 1961. (D) Yuly, 7962. Palpable masses in the breast 
and axilla were gradually replaced by massive fibrosis of the right breast. Osteolytic metastases in the 
lumbar spine and sacroiliac areas were treated with cobalt 60 with good relief of symptoms in July, 1962. 
'The patient expired with metastatic carcinoma on October 15, 1962. At no time was there evidence of re- 
activation of tumor in the treated area, 


$90 Alan H. Edelman, Sumner Holtz and W. E. 


mary lesions was obtained except for 1 pa- 
tient who had temporary or no control of 
her carcinoma before dving of widespread 
metastases 7 months after radiotherapy. 
Two Stage iv patients are alive with 
good local control of their carcinomas, I 
with evidence of metastatic carcinoma 17 
months after rapid radiotherapy, and the 
other clinically free of carcinoma 60 
months following completion of radio- 
therapy. Repeated chest roentgenograms 
on the latter patient demonstrated no 
change in pulmonary radiodensities, diag- 
nosed originally as metastatic lesions, and 
it is now felt that the patient had hematog- 
enous spread of granulomatous disease 
and that she is, in actuality, a St tage 1 
patient. The remaining 22 Stage 1v patients 
have succumbed to metastatic carcinoma 
after an average survival of 12 months 
post radiotherapy. In 20 of these patients, 
good control of the carcinomas in the 


Powers Maren, 1964 
treated areas was obtained, while in the re- 
maining 2 partial control of local disease 
was achieved. 

An over-all survival rate of 17 per cent 
(4.2 per cent with persistent distant tumor 
and 12.8 per cent with no evidence of car- 
cinoma) was noted in the 47 patients 
treated. 


C. COMPLICATIONS 


Table tv shows the incidence of the com- 
plications* observed with rapid radio- 
therapy of the breast. Not listed are the 
local radiation reactions immediately fol. 
lowing radiotherapy, such as transient 
edema, erythema, moist or dry epidermitis, 
and later development of subcutaneous 
fibrosis in the areas treated. These local 
reactions to radiotherapy occurred in 74 





"significant complications" 


Or 


* The term is designated to include 
"frozen shoulder," "painful Shoulder!’ radiation pneumonitis and 
pulmonary hbrosis (including asymptomatic cases), lymph- 
edema of the arm and necrosis of bone or breast. 


Tape II 


CONTROL OF CARCINOMA IN THE TREATED VOLUME 





| No.of | AE" Temporary 
$ : y ats £ d K i H C O » f P z : : x 2 
Stage Surgical Status | Patients | rood | artial |o None 
EERE, AE I a M A M 
Medically inoperable | I | I | o | O 
I Postoperative, recurrence | [ i 4 | © | 1 
Postoperative, simple mastectomy | 8 P | O | I 
t i ! 
URN ITI Te AM SPNRERENTISO- PRIORITIES CENSURE ee OE N.S ST a (REIR TENDER RENE: net Re eens IDNN CENE Lic PR tea Ra hte NS 
l] | 
l Stage 1 Toil | 9 | 7 | o 2 
ae M E ROCKET OP PORC ACRIOR A MPH SE SNPRA Fae a gaa Naa a ak ene E 
| | | | 
IH | Postoperative, simple mastectomy | 2 I 2 | o | © 
i ii H 
Mop iua dui iit ites | insta ton Si eh ntti — C (——— a — ate e —————— P meme mne emn Health irae esa ala ed = 
D - * i l ; 
Surgically inoperable | Fi | 6 | o I 
III Postoperative, simple mastectomy | 2 | 2 | O | o 





D À | | 
| Surgically inoperable | 21 | 19 | 2 | o 
IV | Postoperative, simple mastectomy | 1 i 1 | O | Oo 
| EPEETAN | eee ae ee eee IP TC a 
gee ee | l | 
| Stage IV Total | 22 | 20 | 2 | o 
pee eer ——————————————————— | a Er Hutte CaM PORN | | EEn————————— | m———————^—»——— — 
All Patients 42 l 37 2 | 


* Three Stage iu patients and 2 Stage iv patients were lost to follow-up. 

T Good controi-—permanent improvement as evidenced by decrease in inflammatory elements, healing of ulcerations, decrease in size 
of tumor mass and alleviation of pain or other local symptoms. Partial control—incom plete regression of masses, healing ulcerations, 
partial decrease in inflammatory elements or local symptoms, Temporary or no control-—brief or short-lived control or no change ih 
treated areas. 
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Fic. 4. Case u, P.C. (4) March 6, 1958. This 70 
year old patient had noted inversion of the left 
nipple for 2 years. When first seen, the left 
breast was almost twice as large as the right 
and there was a « cm. mass with retraction of 
the nipple and edema of the breast. Enlarged 
lymph nodes were present in both axillary and 
supraclavicular areas, and biopsy of the latter 
was positive for carcinoma. Beginning on 
March 3, 1958, she was given 2,s00 r tumor 
dose to the breast and to the involved homo- 
lateral lymph node bearing areas in 4 days, fol- 
lowing which the internal mammary lymph 
node area was irradiated with 3,750 r air dose 








in 21 days using 250 kv. roentgen rays. (B) April 23, 1958. There was rapid regression of the primary tumor 
and metastatic lymph nodes. One month following therapy the breast was almost normal in size, although 
the nipple remained inverted. There was minimal skin reaction over the breast and lymph node areas, while 


* 


the sternal port exhibited a moderate moist epidermitis. (C) December 17, 1058. Minimal decreased motion 





of the left arm was present 


months after completion of radiotherapy and progressed to a frozen shoulder 


by December 11, 1958. At this time, there was obvious fibrosis of the subcutaneous tissues on the left, and 
the left breast was smaller than the right. The patient was otherwise well until January, 1960, when she 
became weak and progressively deteriorated. The patient expired in a nursing home with carcinomatosis 
on August 8, 1960, with continued control of the tumor in the treated area until the time of death. 


per cent of the patients observed. Massive 
ate fibrosis of the breast occurred in all of 
the long term survivors but has not been a 
"significant" complication (Fig. 3 through 
5, inclusive). Two patients developed ex- 
tensive keratoses in the treated volume 4 to 
5 years after completion of radiotherapy. 
No evidence of new malignancy in the 
treated areas has been noted to date. 

“F shoulder” occurred in 18 pa- 





‘rozen 
tients and was thought to be a sequela of 
peri-articular fibrosis (Ze., pectoral and 
deltoid muscles, etc.) rather than an intra- 
articular phenomenon. Most of the patients 
having frozen shoulder had subsequent 





atrophy of the musculature of the shoulder 
girdle and upper extremity on the side ir- 
radiated. Beginning in 1961, the shoulder 
was excluded from the treated volume in an 
effort to decrease the incidence and severity 
of frozen shoulders (Fig. 1, Z and B; and 2, 
A and B). Of 8 patients treated in 1961 and 
1962, 4 have developed stiff shoulders but 
this complication has been less severe in 
degree than the "frozen shoulder" in pa- 
tients treated prior to 1960. The onset of 
stiffness of the shoulder was noted from 
months to 2 vears after completion of rapid 
adiotherapy but most often occurred 8 
months or longer following radiotherapy. 
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Fro. 9 Case ur, N.-B. May 25, 7059, (A) 
patient $4 








and (B) erect roentgenograms of the chest of a £6 year old 


, 


months following rapid radiotherapy for Stage 1 carcinoma of the right breast (inoperable 


kd 


+ 


because of severe rheumatic heart disease). The patient had an excisional biopsy of a 2 em. mass which 


demonstrated adenocarcinoma with tumor remaining in the margins of the biopsy. In December, 1958, tl 
patient was treated with 2,500 r tumor dose to the breast and lymph node areas (2 days to each are: 





A mild erythema at completion of therapy had progressed to moist epidermitis at 1 month and had cleared 
2 months following radiotherapy. On May 25, 1959, the patient reported cough and mild shortness of 


breath, and chest roentgenograms demonstrated fibrosis and pneumonitis of the right upper lobe with 


€ ` 
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fibrosis was 


D 
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‘ 


stl present on the roentgenograms. 








Vic. g. (C) February 24, 1964. ln August, 1959, 
lymphedema and limitation of the right arm to 
abduction were noted; these have persisted to 
date. Atrophy of the right shoulder and arm was 
noted 20 months after completion of radiotherapy 
and was associated with pain and tingling of the 


right hand, These latter symptoms were relieved 
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right pleural effusion. By 9 months after radiotherapy, 





symptoms were alleviated although pulmonary 


Pain in the upper extremity, tingling in 
the fingers or other local neurologic symp- 
toms were associated with frozen shoulders 
in 6 patients. Two patients had painfu 
shoulders without significant limitation of 
motion. One was proved to have a humeral 
ead metastasis; the other had marked 
vmphedema of the arm, and it was felt the 
pain was secondary to vasomotor difficul- 


ties. No patient developed a severe neuro- 








after the patient had been placed on hormonal 
therapy. keratoses of the skin in the treated areas 
were noted 40 months after radiotherapy. On fol. 
low-up no evidence of basal cell degeneration in 
the treated areas has been noted. A recent fol. 
low-up examination showed no evidence of car- 
cinom: 
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logic complication, such as cervical or dor- 
sal myelitis. 

Roentgenographic findings of acute pneu- 
monic infiltrates with occasional pleural 
effusions and late findings of pulmonary 
fibrosis involving irradiated portions ot the 
lung were noted in 12 patients (Fig. 5). The 
pleuropulmonary complications usuallv oc- 
curred in an asymptomatic patient, and the 
most severe respiratory symptoms were 


355 » 
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Fic. 5$. (D) February 24, 1964. An erect chest roent- 
genogram demonstrated resorption of bone of the 
right second through sixth ribs and fractures of the 
posterior portions of the right second, fifth and 
sixth ribs, with evidence of healing since examina- 
tion 6 months earlier. No pain was associated with 
these osseous lesions. Radionecrosis of the ribs was 
diagnosed in this patient since no areas of osteol y- 
sis outside of the treated areas or other evidence of 
metastatic disease were found. 





Uk 





tient's chest wall decreased in size 
(C) April r. 


excellent regression of the breast masses. The patient 


e 








those of mild shortness of breath or slight 


cough. 

The third most frequent complication 
noted was lymphedema of the arm on the 
treated side, which occurred in 11 patients, 
none of whom had operative procedures 
which could have produced venous or lym- 
phatic obstruction to the upper extremity 
s of sarcomatous de- 


(Fig. 5, d-D). No case 
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bic. 6. Case iv, C.F. (4) October 10, 7058. Four 

years prior to medical evaluation, this 73 

vear old patient noted a bloody discharge 
from her night nipple and a slowly growing 
tumor in the right breast which gradually 
destroved the entire right breast and "was 
associated with considerable weight loss. 
When seen in October, 1958, there was a foul 
smelling, fungating, ulcerating lesion in. 
volving the entire right breast with nodules 
in both axillae and the right supraclavicular 
area, Chest roentgenograms demonstrated 
pulmonary metastases, Biopsy of the right 
supraclavicular area was positive for meta- 
static carcinoma. A tumor dose of 2,500 r 
was given in 2 days to each, the breast and 
lymph node areas. Moist epidermitis which 
cleared rapidly was noted 2 weeks after 
radiotherapy. Because of a persistent chest 
wall tumor, 1,00 rin 2 days was delivered to 
the chest wall in December, 1:958. (B) 
January 14, 1959. The masses on the pa- 
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while progressive enlargement of the pulmonary metastases was noted. 
?, 7059. Six months following initial radiotherapy the ulcerations were h 
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d completely with 


kai 


succumbed to carcinomatosis on July 15, 1959. 


generation in patients with lymphedema 
were noted. The lymphedema was thought 
to be secondary to obstruction of lymphatic 
or venous flow by massive fibrosis in these 
patients, but obstruction by tumor cannot 
be excluded as a possibility. 

Five patients developed necrosis of the 
ribs in the treated volume (Fig. £D). The 
general appearance of the areas of osteo- 
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necrosis was that of bone resorption with- 
out sclerosis or sequestration, accompanied 
by pathologic fractures. Asymptomatic 
radionecrosis of the ribs occurred in 3 
Stage I patients, and in r Stage 11 patient. 
All of these patients had obtained perma- 
nent control of the treated areas, although 
2 patients eventually succumbed to meta- 
static carcinoma, § months and 17 months 
following radiotherapy. Two Stage 1 pa- 
tients with asymptomatic radionecrosis of 
bone have survived 60 and 63 months after 
radiotherapy with no evidence of carcinoma 
present. One Stage 1 patient treated post- 
operatively, following a simple mastec- 
tomy, developed marked necrosis of the an- 
terior chest wall due to locally recurrent 
tumor at the same time that radionecrosis 
was observed involving the posterior por- 
tions of the ribs on the treated side. This 
patient died of carcinomatosis 39 months 
after radiotherapy. 

A single Stage i11 patient had necrosis of 
the intertriginous undersurface of the 
treated breast after initial good local con- 
trol of the carcinoma. No evidence of per- 








22 € significont 
complication 
[] $ significant 
Complication 
w 18 
= 
= 
= 
- i4 
ov 
Š 
d: IO 
Q 
= 
>d 6 
= 
i 
I H 
STAGES 


Fic. 7. Clinical stages of carcinoma of the breast 
treated with rapid radiotherapy compared with 
the complication rate. Note the high percentage of 
“significant” complications in the earlier cases 
and the relatively lower complication rate in the 
Stage IV cases, 
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Fic. 8. Length of survival of patients treated with 
rapid radiotherapy correlated with the complica- 
tion rate. Note the few complications occurring in 
patients surviving less than 1 year and the high 
number of “significant” complications in patients 
surviving over 1 year, 


sistent tumor was noted in this patient, 
but, unfortunately, she was lost to follow- 


rapid therapy in 2 patients. Symptoms 
cleared in both patients and thev had no 
difhculty in swallowing 3 weeks after com- 
pletion of therapy. No severe esophagitis 
or stricture formation was noted in patients 
undergoing rapid therapy. 

In general, complications seemed to 
correlate well with survival and stage of 
disease. The highest complication rate oc- 
curred in patients with early stage car- 
cinomas (Fig. 7) and in those surviving the 
longest (Fig. 8). The lowest complication 
rate occurred in Stage Iv patients and in 
those surviving less than 1 year, 





DISCUSSION 

Rapid radiotherapy is a method of 
quickly controlling advanced cases of car- 
cinomas of the breast. Patients with a poor 
prognosis can be given palliation without 
the necessity of a costly prolonged hospital- 
Ization or numerous outpatient trips to the 
radiotherapy department. 
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The theoretic basis of rapid radiotherapy 
has been alluded to by several authors*-? 
in studies of the time-dose relationships in 
E QUE i oor. e a breast. 
D5.) or the 
go per cent tumor curative d can be cal- 
culated by using the formula*: D= E.T* 
where D is the total absorbed dose (tumor 
dose); Tis the number of fractions; Æ is the 
single dose required to produce a specific 
effect, such as median lethal dose (LD;), 
and x is a “recovery exponent.’ ' Since the 
"recovery exponents” of breast carcinoma 
and skin are close to equal (7=0.33- 
0.35), *? prolonged fractionation in breast 
carcinoma may be considered to be theo- 
retically unnecessary. Squamous cell car- 
cinoma, however, has a slower recovery 
rate (7=0.25) than skin, and fractionation 
in these cases seems more logical. 

Cohen® treated 60 cases of breast car- 
cinoma with varying doses and fractiona- 
tions and concluded that the median cura- 
tive single dose for breast carcinoma was 
1,270 r (orthovoltage) and found that an 
isócelleot curve for his patients correlated 
well with curves obtained by other au- 
thors. Using Cohen's formula, the calcu- 


lated 5o per cent curative dose for 2 treat- 
ments is 1,580 r (orthovoltage). dh Is 


equivalent to 1,900 r in 2 doses adminis- 
tered with a 22.5 mev. betatron roentgen- 
ray beam because of the lesser relative bio- 
logic effectiveness of the supervoltage 
modality. The single go per cent curative 
dose was estimated by Cohen? to be 1,500 r 
(orthovoltage). By similar calculations, a 
total tumor dose of 2,250 r in 2 fractions 
using supervoltage equipment should steri- 
lize the tumor in 9o per cent of the cases. 
Friedman and Pearlman? treated 29 pa- 
tients with metastatic skin 
breast carcinoma with varying dosages and 
fractions. The minimum observed "tumor 
lethal doses” varied from 1,800 r to 3,000 r 
(orthovoltage) with an average of 2,200 r. 
They constructed a free hand iso-effect 
curve of tumor shrinkage and on this basis 
concluded that 2,000 r was the single ex- 
posure “minimum tumor lethal dose" and 


nodules of 
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the recovery exponent was 7=0.25. De. 
Moor ef al." analyzed the data of Friedman 
and Pearlman® and noted that the findings 
cond equally fit a curve originating at 

— 1,600 r with 70.34; since the data 
NUN the LDoo, it was felt that they 
are in excellent agreement with the data of 
Cohen.’ 

In the current series, doses of 2,500 rin 2 
days were adequate to control the primary 
tumor, metastatic nodules, and involved 
lymph nodes in 88 per cent of the patients. 
These results correlate well with the 
theoretic data presented above. However, 
the observed reactions in normal tissue in a 
large portion of these patients suggest that 
with this method no differential effect exists 
as regards tumor tissue and normal tissue. 

The high rate of control of tumor in the 
irradiated volume (88 per cent) with few 
instances of tumor reactivation (12 per 
cent) contrasts favorably with the results of 
other investigators using rapid treat- 
ment??? Stoll? described healing of 
ulcerations in all cases in which this finding 
was noted, but reported a tumor reactiva- 
tion rate of 48 per cent, with sustained con- 
trol of the tumor in only £2 per cent of the 
cases. Atkins! noted complete control in 11 
of 18 cases (61 per cent), partial control in 4 
cases (22 per cent), and no control in 3 
cases (17 per cent). Because of the sus- 
tained good control of the lesion in a high 
percentage of our patients, we have 
adopted rapid radiotherapy as the treat- 
ment of choice for Stage Iv patients. 

After initial success with local control of 
carcinoma in palliative cases,’ patients 
with less advanced stages of carcinoma 
were treated. Consequently, the complica- 
tion rate rose. As previously indicated, the 
complication rate is correlated wi a 
longer survival in these earlier stages. 

In Table 1v, it may seem that the compli- 
cation rate was higher in patients who had 
mastectomies, as opposed to patients in 
whom no surgery was done. It is felt that 
this comparison 1s not a valid one because 
patients undergoing mastectomies had ear- 
lier stage carcinomas than the patients not 
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* Three Stage i11 patients and 2 Stage rv patients were lost to follow-up. 
T Other includes mild esophagitis and keratoses developing in the treated volume. 
T Numbers in parenthesis represent patients who developed shoulder pain, paresthesia, etc. 


operated upon. The increased complication 
rate of the operative cases is felt to be due 
to the longer survival rate in these earlier 
stage carcinoma patients. 

The complications of rapid radiotherapy 


are related to the marked development of 


fibrosis in the treated areas, a feature not 
as frequently observed with conventional 
(prolonged fractionation) radiotherapeutic 
techniques. Most of the "significant" com- 
plications observed in the present study are 


felt to be related to irradiation through the 
anterior (lymph node) portal. Use of the 
tangential (breast) portals may contribute 
slightly to the fibrosis around the shoulder 
Joint, but otherwise causes no difficultv 
(except for the rare case of breast necrosis). 
These observations appear to be substanti- 
ated bv Stoll? who treated 44 patients with 
inoperable carcinoma of the breast, using 
onlv long tangential ports and rapid mas- 
sive doses of supervoltage roentgen rays. 
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Complications consisted of frozen, painful 
shoulder in 3 cases and 1 case of chest wall 
necrosis. No pulmonary, esophageal, laryn- 
go-tracheal or spinal cord complications 
were noted. In a later series, Stoll! changed 
his technique by shortening the tangential 
fields and adding a large anteroposterior 
supraclavicular port and noted a great deal 
of fibrosis in the pectoral muscles anterior 
to the shoulder joint. 

Although the complication rate in the 
current series appears high, many of the 
complications listed are minor, ;.e., asymp- 
tomatic and mildly symptomatic radiation 
pneumonia and pulmonary fibrosis, mild 
stiffness of the shoulder, mild lymphedema 
or asymptomatic radionecrosis of ribs, as 
compared with the complications reported 
in other series. *?9 Most of the complica- 
tions occurred in patients with early stage 
carcinoma (Fig. 7); in general, the longer 
the survival period, the greater the per- 
centage of patients with complications 
(Fig. 8). 

Horrigan ef &4L!? and Atkins,^? using a 
method of radiotherapy for carcinoma of 
the breast similar to the one employed in 
the current series, reported more severe 
complications. Of 18 patients treated, At- 
kins reported 4 cases of radiation myelitis, 
2 cases of vocal cord palsy, 9 cases of eso- 
phagitis (1 of which had late esophageal 
stricture formation), in addition to the pul- 
monary fibrosis and fibrosis around the 
shoulder observed in the present study. 

The technique of rapid radiotherapy used 
by Atkins! is quite similar to the one used 
in the current investigation. A notable 
difference is the use by Atkins of a 12X20 
cm. portal for irradiation of the lymph 
node bearing area. The medial border of 
this portal is placed at the midline but pro- 
jects beyond the midline by the time it 
reaches the spine.* It is felt that the high 
incidence of severe complications reported 
by Atkins may be related to inclusion of 
the esophagus, larynx, and spinal cord 
within the treated volume. 

The results obtained in this study have 
led us now to use rapid radiotherapy as the 
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treatment of choice in patients with metas- 
tases at the time they are first seen. The 
remaining patients with carcinoma of the 
breast are being treated with more con- 
servative methods of fractionated radio- 
therapy. 


SUMMARY 


1. Between January 1, 1957, and Janu- 
ary I, 1963, 47 patients with inoperable 
carcinoma of the breast were treated with a 
method of rapid massive-dose radiother- 
apy. Utilizing the 22 mev. betatron roent- 
gen-ray beam, 2,500 r tumor dose was 
delivered to the breast and to the lymph 
node bearing areas in a 2 day period for 
each region (total of 4 days). 

2. Local control of the áreas treated was 
good in 88 per cent of the patients. 

3. Massive fibrosis in the irradiated 
areas led to complications of ''frozen" 
shoulder, lymphedema, and radiation pneu- 
monia and pulmonary fibrosis, with only 
the first two causing symptoms. Necrosis of 
the ribs or breast was infrequent. No life 
endangering or incapacitating symptoms 
occurred. Complications were noted with 
the highest frequency in patients with early 
stage carcinomas and in patients surviving 
more than 1 year. 

4. The time-dose relationship for car- 
cinoma of the breast is discussed. Theoret- 
ically, protraction of dosage in carcinoma 
of the breast is unnecessary to achieve per- 
manent local control of the tumor. How- 
ever, the observed changes in the normal 
tissues suggest that there is no significant 
differential benefit from this rapid treat- 
ment. 

5. Rapid radiotherapy as described is 
the method of choice for local control of 
Stage Iv breast cancer patients, and it 1s 
recommended that this mode of treatment 
be restricted to patients with short term 
prognoses. 


W. E. Powers, M.D. 

The Edward Mallinckrodt 
Institute of Radiology 
£10 South Kingshighway 
St. Louis, Missouri 
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THE EFFECT OF RADIATION THERAPY ON THE 
SURVIVAL TIME OF WOMEN WITH RECURRENT 
MAMMARY CARCINOMA* 


By RICHARD J. KAUFMAN, M.D.,t FLORENCE C.H. CHU, M.D.,t 
and GEORGE C. ESCHER, M.D.+ 
NEW YORK, NEW YORK 


io THE management of recurrent car- 
cinoma of the breast following mastec- 
tomy, hormonal and radiation therapy are 
the two major modalities of treatment. It 
is well known that radiation therapy is 
effective in the control of local recurrence 
and in offering palliation to symptomatic 
areas of metastasis. There are few available 
data, however, to determine whether radia- 
tion therapy given for recurrent disease has 
a beneficial effect, no effect, or a deleterious 
effect on the patient’s life span. The pur- 
pose of this paper is to explore this prob- 
lem by a retrospective study reviewing and 
analyzing the data of the survival times of 
656 patients treated for recurrent mam- 
mary carcinoma. 


MATERIAL 


The material consisted of the records of 
over oo deceased patients with recurrent 
mammary carcinoma seen in the Hormonal 
Therapy Clinic of the Memorial Hospital 
over the last 18 years. After exclusion for 
various reasons, such as questionable diag- 
nosis, inadequate follow-up, and non-si- 
multaneous bilateral carcinomas of the 
breast, 656 cases were found suitable for 
analysis. All patients had recurrent mam- 
mary carcinoma following definitive sur- 
gery of the primary tumor which consisted 
of radical mastectomy in 94 per cent of the 
cases; the remaining 6 per cent had radical 
mastectomy with chest wall resection, 
modified radical mastectomy or simple 
mastectomy. Of these 656 patients, 423 re- 


ceived therapeutic irradiation to one or 
more sites of recurrent disease, 93 per cent 
of whom had their first course of irradia- 
tion within the first year of recurrence, and 
233 did not receive radiation treatment at 
any time following the initial appearance of 
recurrence. 

These two groups of cases, patients who 
were given radiation therapy for recurrent 
mammary carcinoma and those who were 
not, formed the basis of this analysis. Pro- 
phylactic postoperative radiation therapy 
had been given to 223 patients of the irradi- 
ated group (53 per cent) and to 161 patients 
of the nonirradiated group (69 per cent). 
All patients in both groups received some 
form of hormonal therapy, additive or abla- 
tive, during the course of the recurrent 
disease. 


DEFINITIONS 


The following definitions are used in this 
paper: 

Recurrence. The term "recurrence" is 
used to indicate reappearance of cancer 
after mastectomy as evidenced either by 
local recurrence and/or distant metastases. 

Cancer Free Period. This is the time from 
mastectomy to the clinical detection of re- 
currence. 

Type of Recurrence. Patients who de- 
veloped recurrence after mastectomy were 
classified into 3 categories depending on the 
type of the initial recurrent lesions: (1) 
local dominant, if skin nodules, regional or 
distant, or metastasis to lymph nodes or 


* Presented at the Forty-sixth Annual Meeting of the American Radium Society, White Sulphur Springs, West Virginia, April 13- 


16, 1964. 
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Ta BLE I 
DISTRIBUTION OF CASES BY CANCER FREE PERIOD 

: scorer os Sinaia pe e 
| l'otal No. | | | | | 
| of Patients | C722 mo. | 13-24 mo. | 25-36 mo. | 37-48 mo. | 49-60 mo. | 61 mo 
atents | 

ERRORES O MERE MEUM ONE 1 SAND NAR REN 

| "ry ix H | 24 i t 

Kadaton Therapy | 423 ^. 4206 | 2776 | 13% 10% 7% | 1195 

No Radiation Therapy 233 | 29% | 27% | 13% 8% 9% | 14% 


opposite breast were the presenting signs of 
recurrence; (2) osseous dominant, if skeletal 
metastases were the presenting signs of 
recurrence; or (3) visceral dominant, which 
consisted of metastases to liver, or other 
intra-abdominal viscera, brain, pleura, lung 
or mediastinum. 

When at the time of first recurrence there 
were more than one dominant lesion pres- 
ent, the classification gave precedence to 
Coes over osseous, and osseous over 


local. 
Survival time was determined from the 


time of recognition of the recurrence to 
death. 


EVALUATION AND RESULTS 


A, PRELIMINARY CONSIDERATIONS 

From previous reports in the litera- 
ture, 5 the survival of patients with recur- 
rent mammary carcinoma appears to be 
influenced by several factors. Among them 
are the length of the cancer free period, the 
menstrual status of the patients, the tvpe of 
recurrence and the response to hormonal 
therapy. The length of the cancer free 
period reflects to some degree the natural 
history of the cancer in that the shorter the 
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cancer free period, the shorter the life span 
of the patients."* The menstrual status at 
the time of recurrence also influences the 
patients' survival. According to Escher and 
Kaufman, patients o-5 years postmeno- 
pausal appeared to have a poorer prognosis 
than those who were menstruating or were 
more than $ years postmenopausal. There 
is agreement that the type of recurrence 
plays a major role in prognosis. *5 Patients 
with local dominant recurrence have the 
best prognosis. Those with osseous domi- 
nant recurrence have less chance for pro- 
longed survival, and those with visceral 
dominant lesions have a markedly worse 
outlook. Finally, the response to hormonal 
therapy, additive or ablative, is considered 
an outstanding factor influencing the sur- 
vival of patients with recurrent mammary 
carcinoma. Reports in the literature! 
indicate that the average survival period of 
patients with responsive disease was about 
twice as long as that of patients who did 
not derive any benefit from hormonal ther- 
apy. 

Before evaluating the effects of radia- 
tion therapy on patients’ survival time, 
the above factors were analvzed to deter 
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DISTRIBUTION OF CASES BY MENSTRUAL STATUS 


Menstrual Status at 








Recurrence 
Re EENAA TE I en TY ESTE eS ee CRN EN TEN HI TENE EE EDEN MEET RE | 
o £x 36 M | l 
O-$ yr. post menopausal | ig 26 49 21 
6-10 post menopausal | 58 14 32 | I4 
11 yr. post menopausal | 100 2. 83 | a 
REOR ENE OES RON CN terre, I at ee —— — —— € — TNR NIE: p 
Total | 423 100 | 209 ' 100 
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Tase III All cases 
DISTRIBUTION OF CASES BY DOMINANT 100 e irate mop 
SITE OF RECURRENCE 
90 € Non-Irradiated group 
: & 
Dominant 
Lesion at 70 
Recurrence| No. of 
Patients 60 
F 
Local ET 
Osseous ^ y ; 
Visceral * 
30 
Total 5 
20 
l 10 - 
mine any influence on the two groups of 
patients, those with and those without ir- "m 1 2 3 4 5 


radiation. 

Cancer Free Period. The two groups of 
patients were comparable as far as the 
cancer free period was concerned. The 
distribution was similar in both series 
(Table 1). 

Menstrual Status. The two groups were 
comparable as shown in Table n. 

Type of Recurrence. The distribution of 
cases according to the dominant site of 
recurrence was uneven (Table m). There 
was a larger proportion of local dominant 
cases in the irradiated series, and a larger 


Years 


Fig. 1. Survival in years after recurrence. 
All cases. 


proportion of visceral dominant cases in 
the nonirradiated series. It was, therefore, 
necessary to subdivide the two series, and 
to compare them according to the domi- 
nant site of recurrence. 

Hormonal Response. The distribution of 
cases according to hormonal response was 
about equal in both groups: 75 of the 423 
patients, or 18 per cent, in the irradiated 


TaBLe IV 
SURVIVAL IN YEARS AFTER RECURRENCE—ALL CASES 
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Taste V 


SURVIVAL IN YEARS AFTER RECURRENCE- LOCAL DOMINANT CASES 





Evaluation 


| 
| 
| of | No. 
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i | 
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Hormone 
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| : | 
of | Per | of | Per | of | Per 
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Pa. | Cent | Pa. 
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| Therapy | | Pa- | Cent | Cent | Pa- | Cent | Pa- | Cent 
| | | tients | | tients | tients | | tients | | tients | 
| T : nre a mareme ronnan erra i es Y rms Pere eoi inniti Ain ot NN d i —X— i pem ——— | €——— ~ E E i 5———— — meet EEA i Rec — ft emir = — € 
| Total | 209 |160 | 77 | 96 | 46 Oa qo BO. ar o X3 | 25 x we 
K H H £F i ^ i i H H www f i = ~ 
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Radiation | Hormonal | | | | | | | | | 
n Í MA i } i ] i 
Therapy | Failure | 174 | 125 | J*. | 39 go | 45 1 9-5 | 32 | i3 | 17 | io 
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| Response} 35 | 35 |100 | 26 | 74 | 20 | 57 | 15 | 43 | 8 | 23 
Enc LE ————A— M— i i ERE M NAR b a, bee —————— b im 
| ^p | | | | | | | | | 
| Total | 37 | 16 | 43 | wo 1 27 | § | 14 | 1| 3 | D | 3 
] i i i i i : H j 
No | | | | | | | ! : 
i EF | Ho nz | | | ! j | i | 
Radiation | Hormonal | | late at ad ala at 
* TE 1 ; i ic i e^ i nd i - i ^ Y i ^ 
Therapy | ,,! alue | 31 | 10 | 32 | s | 16 | 2 6 Dog ot 3 | 3 
| Hormonal | | | | | | | | | 
| Response} 6 | 6 | Ico 5| 83 | 3 | Eo d. SO.) 9e qc d» Lo d 
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series, and 34 of 233 patients, or 15 percent, Table iv and Figure t. The percentage of 
in the nonirradiated series had at least survival of patients on a yearly basis was 
one response to endocrine therapy. consistently higher in the irradiated group 
than in the nonirradiated group. Further 

Be EY SUN TONGO Pe Eres E RADIATION analysis according to hormonal response 
PEELE V ON GA TIENTS: SURVIVAL revealed that the real difference in survival 

The over-all yearly survival rate of the timeas influenced by radiation therapy was 
two groups of patients is presented in in the hormonal failure patients: 67 per 


Hormonal failures Hormonal responders 


100 © irradiated group 100 mq © irradiated group 
@ Non-irradiated group € Non-irradiated group 


Survival 
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" Survival 





Years Years 


Fig, 2. Survival in years after recurrence, Fic. 3. Survival in years after recurrence. 
Hormonal failures. Hormonal responders. 
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Tass VI 


SURVIVAL IN YEARS AFTER RECURRENCE-——OSSEOUS DOMINANT CASES 
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I Year 
Evaluation N 
of " No. 
Hormone Ca of Per 
Therapy aseS! Pa | Cent 
Total 135 
Radiation | Hormonal 
Therapy Failure 113 
Hormonal 
Response | 22 
Total 72 42 58 
No Hormonal 
Radiation Failure 62 32 £2 
Therapy | Hormonal 
Response | 10 IO | 100 


cent survived at 1 year and 32 per cent at 
2 years in the irradiated group, as against 
37 per cent at I year and 15 per cent at 2 
years in the nonirradiated group. A graphic 
comparison of the yearly survival rate is 
presented in Figure 2. In the hormonally 
responsive patients, the yearly survival 













4 Xears 
No. 
of Per 
Pa- | Cent 





tients 








rate was uniformly good in both groups, 
indicating that the improved survival of 
these patients was entirely due to hormonal 
therapy, with no influence from radiation 
therapy (Fig. 3). 

The data were further analyzed accord- 
ing to the type of initial recurrence. 

















Tasre VII 
SURVIVAL IN YEARS AFTER RECURRENCE—VISCERAL DOMINANT CASES 
2 Years 4 Years 5 Years 
Evaluation oo — | I OC 
of No. No. 
Hormone Per of Per | of | Per 
Therapy Cent Pa- | Cent | Pa- | Cent 
tients tients 
Total 6 8 f- 4 5 
Radiation | Hormonal 
Therapy Failure 2 3 I 2 
Hormonal 
Response 4 24 3 18 
Total 7 6 5 4 
No Hormonal 
Radiation Failure 2 2 I I 
Therapy | Hormonal ` 
Response 5 28 4 22 
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Taste VIII 
MEAN SURVIVAL IN MONTHS AFTER RECURRENCE 
maa mE 
licent Radiation Therapy | No Radiation Therapy 
éstos E d GM x» MO POE QU ———— — i GENE ee ye AN QUEE UR WIRT OPTION MORIS 
AME Total | Hormonal | Hormonal | Total | Hormonal | Hormonal 
E acc ota - c P ar - 
| Failures | Responders | oe | Failures | Responders 
€ — NDERIT RESIDEO E —'— prm —À—MÀ CREARI. E DN ote ee nA oe ens (— | edel c ee 
i f ; ; 
Local | 39 | 28 | 44 | 1 | 13 | 36 
Osseous | 24 | 22 36 | 2T | 17 | 47 
Visceral 21 | 17 35 | i | 11 | 32 
Total Series | Qu | 24 | 40 | 19 | 13 | 41 


The yearly survival rate of patients with 
local dominant lesions is presented in 
Table v. There were 209 patients in the 
irradiated group and 37 patients in the 
nonirradiated group. Although the number 
of patients in the nonirradiated group was 
small, a trend appeared to be present in 
that the hormonally unresponsive patients 
who received irradiation during the course 
of recurrence lived longer than those who 
had not. At 1 vear after the onset of recur- 
rence, 72 per cent of the hormonal failure 
patients who received radiation survived 
versus 32 per cent in the nonirradiated 

: 37 cases in 
which no radiation was given showed that 
the majority of these patients were suitable 
for radiation therapy and it was not ap- 
parent why it was not given. There was no 
evidence that these patients' recurrences 
were more extensive than those of the pa- 
tients who received radiation treatment. 

lhe survival time of patients with 
osseous dominant recurrences is presented 
in Table vr. Again, the survival in the ir- 
radiated group was higher than in the non- 
irradiated group. The 1 vear survival of the 
hormonally unresponsive patients was 78 
of 113 patients, or 69 per cent, in the ir- 
radiated group, and 32 of 62 patients, or 
$2 per cent, in the nonirradiated group. 

The survival of patients with visceral 
dominant recurrences is presented in Table 
vir. Again, a difference in survival was 
noted: 47 per cent of the patients who had 
received radiation therapy survived for 1 
year after recurrence; only 29 per cent of 
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patients without radiation therapy lived 1 
year. 

The mean survival time in months of all 
patients is summarized in Table vin. 


DISCUSSION AND CONCLUSIONS 


Although there have been many articles 
in the literature reporting the survival 
time of women with mammary crcinoma, 
most of them deal with the course of the 
disease from its onset. This report is one 
of the few which assesses the effect of 
therapeutic irradiation on the survival of 
patients after the onset of recurrence. We 
have found that a beneficial response to 
hormones has a markedlv favorable in- 
fluence on survival, such that the role of 
radiation was negligible. In hormonally un- 
responsive patients, however, radiation 
therapy appears to affect favorably their 
life span. 

In this study there was good match in 
the two series in the cancer free period and 
menstrual status of the patients. Unfortu- 
nately, there was an unequal distribution in 
another of the major prognostic factors on 
survival, the dominant lesions at first recur- 
rence. However, the data showed marked 
differences in favor of the irradiated group 
over the nonirradiated group in survival 
time for each of the dominant lesion groups. 
It is tempting to speculate that the im- 
proved survival is solely due to irradiation, 
but it would be unwise to believe that we 
have controlled all other possible influences 
on survival. Flaws may always be present 
in a retrospective study. No firm conclu. 
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sions can be made from this study. The 
_data appear to indicate some beneficial 
effect of irradiation on the survival of 
hormonally unresponsive patients, but no 
effect on the survival of the hormonally 
responsive patients. The data are sugges- 
tive enough to warrant a prospective study 
to determine whether or not therapeutic 
irradiation during the recurrent phase of 
mammary carcinoma has life prolongation 
potential. 


Richard J. Kaufman, M.D. 

444 East 68th Street 

New York 21, New York 
REFERENCES 


1. Escuer, G. C., and Kaurman, R. J. Advanced 


Richard J. Kaufman, Florence C.H. Chu and George C. Escher Maron, 1965 


breast carcinoma; factors influencing survival. 
Acta Un. Int. Cancr., 1963, 10, 1039-1043. 

2. Honrumc, H., Maruio, K., Hnsi-Brumuer, L., 
and Byjorxesten, G. Endocrine treatment of 
metastasizing breast cancer. Acta med. scan- 
dinav., 1962, 172, Suppl. 385, 1-37. 

3. MacDonarp, I. Clinical evidence of biological 
variability in mammary carcinoma, In: Breast 
Cancer. Editor, A. Segaloff. C. V. Mosby Com- 
pany, St. Louis, 1958, 37-45. 

4. RATzKOWSKI, E., and Hocuman, A. Survival of 
patients with “recurrent” or inoperable car- 
cinoma of breast with special consideration of 
effect of hormonal treatment: study of 338 
cases. Cancer, 1961, If, 300—307. 

5. SamKIiN, M. B, Luci, E. L., Low-BEER, 
B. V. A., and Bex, H. G. Recurrent cancer of 
breast: analysis of frequency, distribution and 
mortality at University of California Hospital, 
1918 to 1947, inclusive. Cancer, 1954, 7, 29-46. 





Vor. 93, No. 3 


PELVIC LYMPHADENECTOMY AS AN ADJUNCT TO 
RADIATION THERAPY IN TREATMENT FOR 
CANCER OF THE CERVIX* 

By FELIX N. RUTLEDGE, M.D,t GILBERT H. FLETCHER, M.D. 
and ELEANOR J. MACDONALD, A.B.§ 


HOUSTON, TEXAS 


CLINICAL trial to determine the exact 
place of lymphadenectomy as an ad- 
junct to radiation therapy in the manage- 
ment of cancer of the cervix was set up in 
1957 at The University of Texas M. D. 
Anderson Hospital as a cooperative effort 
: of the sections of Gynecology and Radio- 
therapy and the Department of Epidemiol- 
ogy. Enough time has elapsed to present 
results for the lymphadenectomy and con- 
trol groups as well as an analysis of the 
causes of death during theinterim. Previous 
and concurrent experiences with combined 
and single modality therapy at our institu- 
tion will be discussed for over-all evalua- 
tion of the advantages and hazards in- 
volved, together with the implications for 
areas to be further explored in the future. 
The successful management of all but 
the earliest stages of invasive carcinoma of 
the uterine cervix concerns therapy to the 
regional lymph nodes. There is a well-docu- 
mented literature evaluating sterilization 
of the lymph nodes by irradiation*5 and 
the efficacy of surgical extirpation of the 
regional lymph nodes.* We will attempt to 
determine whether the prognosis for the 
patient is improved by the combination of 
these two methods. 

Preceding this study, 100 consecutive pa- 
tients with Stage mr squamous cell car- 
cinoma of the cervix had been subjected to 
lymphadenectomy following irradiation 
with 6,000 rads using the 22 mev. betatron 
to the whole pelvis (including the node- 
bearing tissues of the obturator, external 
iliac, hypogastric and lower common iliac 
lymph nodes at the brim of the pelvis) in an 


effort to evaluate the effect of this treat- 
ment on sterilization of the lymph nodes. 
The number of patients showing positive 
lymph nodes after irradiation indicated 
that irradiation did not cure all of them. 
Nor did the lymphadenectomies in this 
group of patients with advanced disease 
cure any of those with involved lymph 
nodes.* 

Before eliminating lymphadenectomy as 
an adjunctive procedure, however, it was 
realized that the selection of patients with 
the most advanced stage of the disease 
limited the value of the findings, and that 
only a study of the total experience ran- 
domized by stage of disease with and with- 
out adjunctive lymphadenectomy could 
justify its exclusion or continued use. This 
would evaluate the procedure in the ab- 
sence as well as in the presence of positive 
lymph nodes, since there is a chance for 
metastasis to be missed unless the specimen 
is serially sectioned. Specimens 1 through 
Io and 5o through 60 in the 100 consecutive 
lymphadenectomies were serially sectioned, 
revealing 1 positive case not previously 
found. This finding would have greater 
meaning 1f the specimens studied by serial 
section had been selected at random. 


PLAN OF STUDY 


The protocol for the clinical trial called 
for entry of 6c patients in each of the stages 
of the disease. These stages were defined as: 
IA, 1B, uA, 1B, mA, and mB. 

IÁ—Lesions less than 1 cm. in diameter 


1B—Lesions greater than 1 cm. in diameter 
I1Á— Disease limited to upper two-thirds of vagina, 


* Presented at the Forty-sixth Annual Meeting of the American Radium Society, White Sulphur Springs, West Virginia, April 13-16, 


1964. 
T Department of Surgery, Section of Gynecology. 
i Department of Radiology, Section of Radiotherapy. 


Department of Epidemiology, The University of Texas M. D. Anderson Hospital anc Tumor Institute, Houston, Texas. 
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TABLE I 


CANCER OF THE CERVIX 
RANDOM SERIES BY STAGE 


Lymph- Excluded 
Stage adenectomy p» trol Total from 
Group SPP Study* 
I 30 39 69 IO 
nA 39 39 78 7 
nB 25 28 53 7 
mA 23 28 51 7 
mB 25 a8 60 I5 
142 169 311 44 


* Physically unsuited. 


spread extending not further than the upper 
third of the vagina and the medial half of the 
parametrum 
mB—Greater extension than 1A 
m—-Each pelvic wall and the lower third of the 
vagina are reference points for subdividing 
Stage nr. In substage A, the cancer has 
reached only one of these points; in substage 
B, two or more are involved. 
All new patients who had not received 
prior therapy were eligible, except those 
physically unsuited for the operation, or 
those with carcinoma of the cervical stump, 
adenocarcinoma of the cervix or carcinoma 
complicated by pregnancy. Final determi- 
nation of stage of disease was made after 
each patient’s course of therapy had been 
completed. At this point, the Department 
of Epidemiology determined whether the 
patient was assigned to the lymphadenec- 
tomy group or the control group, according 
to a previously arranged plan of randomi- 
zation. It was decided in advance to con- 
tinue the number of random entries beyond 
60 in all stages, in anticipation of probable 
loss of a small number from unforeseeable 
complications between the completion of 
therapy and the planned operation. The 
first patient was entered in February, 1957, 
and the last in February, 1960. The total 
number entered (142 patients in the 
lymphadenectomy group and 169 in the 
control group) is shown in Table 1 by stage 
of disease. There were 44 exclusions due to 
complications, of which 13 were in Stage 
mB. 


F. N. Rutledge, G. H. Fletcher and E. J. MacDonald 
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RADIATION THERAPY 


The therapy policy (Table 11) was estab- 
lished in 1954 at The University of Texas 
M. D. Anderson Hospital and Tumor Insti- 
tute and has been consistently followed 
throughout this study.^? Intracavitary ra- 
dium and external roentgen therapy was 
used according to the stage of the cancer. 
In Stages 1A, 1B and 1A, the largest por- 
tion of the total dose was administered by 
intracavitary radium; the remainder was 
delivered by external irradiation. In all 
other stages, the largest portion of the total 
dose was supplied by external irradiation. 

The flexibility of radium therapy, per- 
mitting close control of location and volume 
of tissue to be irradiated, makes it the basic 
approach in controlling cervical cancer. Its 
rapid fall-off of dose to distant tissues is 
ideally suited for management of the dis- 
ease in its primary site. Parametrial exter- 
nal irradiation is not added to radium 
therapy in Stage 1A because the incidence of 
regional lymph node metastases is low in 
these patients. 

External radiation therapy (supervolt- 
age) in our treatment plan produces a uni- 
form dose distribution throughout the pel- 
vis. The total dose is increased in relation to 
the degree of the peripheral spread of the 
disease. External irradiation is the princi- 
pal mode of therapy in advanced stages of 
cervical cancer, with a corresponding reduc- 
tion in the amount of radium used. 

A careful record was kept of the amount 


Tase II 


SQUAMOUS CELL CARCINOMA OF THE CERVIX 
POLICY OF RADIATION THERAPY 


Radium Roentgen Rays 

Stage (mg. hr.) (rads) 

IA 8,000-11,000 None 

1B 8,000-11,000 3,000-4,000 to 
parametrium 

uA 5,500-6,500  3,000-4,000 to 
parametrium 

uB 5,500-6,500 4,000 to whole pelvis 

mA 4,000-5,000 6,000 to whole pelvis 

nB 2,000-3,000 7,000 to whole pelvis 
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Taste III 
CANCER OF THE CERVIX 
END RESULTS BY MODIFIED LIFE TABLE METHOD 
Per Cent Surviving at Year 
Stage 
I 2 3 4 5 6 7 

I Study Group ICO.O 96.6 86.1 86.1 86.1 86.1 86.1 
I Control Group 100.0 100.0 97.1 93-3 93.3 93.3 93-3 
uA Study Group 94.8 84.6 84.6 76.9 26.7 76.9 

uÅ Control Group 97-4 92.3 89.5 89.5 89.5 89.5 89.5 
uB Study Group 92.0 84.0 21.7 71.7 53.7 $347 

uB Control Group 85.7 25:0 "Ig 62.4 62.4 62.4 62.4 
mA Study Group 78.2 69.5 64.9 53.6 53.6 53.6 53.6 
urA Control Group 85.7 64.2 $365 40.7 32.5 30.5 

mB Study Group 84.0 68.0 63.9 54-4 54.4 54.4 

mB Control Group 82.9 62.9 62.9 62.9 62.9 62.9 


of radiation given to the tissues to be ex- 
cised by lymphadenectomy to enable defin- 
itive evaluation in further studies. When 
the radium 1s located high within the pelvis, 
the obturator lymph nodes receive about 
1,000 rads from each 4,000 mg. hr. of intra- 
cavitary radium. One-half to one-third of 
that dose is delivered to the more distant 
external iliac and hypogastric lymph nodes. 

The dose to the lymph nodes in each 
stage is summarized as follows: 

Stages 1B and 1A: Roentgen therapy 
contributes 3,000 to 4,000 rads and radium 
contributes 1,000 to 2,500 rads or a total 
of 4,000 to 6,500 rads in an over-all time of 
g to 6 weeks. 

Stage 1B: Roentgen therapy contributes 
4,000 rads and radium 750 to 1,200 rads in 
5 to 6 weeks. 

Stages 11A and mB: External roentgen 
therapy, almost exclusively, contributes 
from 6,000 to 7,000 rads in a period of 6 to 7 
weeks. 


SURGICAL TECHNIQUE 


Lymphadenectomy is performed 6 weeks 
after completion of irradiation. This has 
been determined as the optimum time in 
which to permit radiation changes within 
the cells and to allow for the easiest resec- 


tion of tissue. A transabdominal approach 
with a midline incision is employed to open 
the abdominal cavity. After palpation and 
close examination of the abdomen for metas- 
tasis, the lower aortic area is exposed and 
one or more of the most prominent periaor- 
tic lymph nodes are excised. Regardless of 
whether this specimen was positive or nega- 
tive, bilateral pelvic lymphadenectomy 1s 
performed. The lower common iliac, ex- 
ternal iliac, hypogastric and obturator fossa 
lymph nodes with their surrounding fibro- 
fatty tissue are excised. The dissection 1s 
carried from the level where the ureter 
crosses the common iliac artery to the in- 
guinal ligament. The region of the cervix, 
the irradiated central portion of the pri- 
mary growth, is not disturbed. Inoperabil- 
ity caused by radiation fibrosis is observed 
rarely. A clean dissection of the large pelvic 
vessels is done even when fibrosis exists; 
therefore, it is doubtful that radiation-in- 
duced fibrosis impairs the thoroughness of 
the lymphadenectomy. 


RESULTS 


Improvement in survival rates was the 
criterion for the first phase of the analysis 
(Table m1). Modified life table survival fig- 
ures were computed for each group, and 
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Tasg IV 


CANCER OF THE CERVIX 
FIVE YEAR SURVIVAL BY MODIFIED 
LIFE TABLE METHOD 


Study Group Control Group 

Stage 

No. Survived No. — Survived 
I 30 86% 39 9370 
uA 39 7170 39 89% 
mB 25 54% 28 62% 
mA 23 54776 28 33% 
nB 25 54% 35 63% 

142 169 


comparative descending survival curves 
were drawn.* The lymphadenectomy group 
and the control group, for all stages com- 
bined, were found to be nearly identical in 
survival time. The curves for the different 
stages differed only slightly and showed a 
somewhat more favorable prognosis for the 
control group than for the lymphadenec- 
tomy group, though the differences were 
not significant (Table 1v). The exception to 
this was in Stage 1A, in which patients 
who underwent lymphadenectomy lived 
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longer than the controls. Of all the curves, 
the difference in this group. was most pro- 
nounced, though still not significantly 
different statistically. 

Statistically, according to random selec- 
tion and stratification by stage of disease, 
the possibility of dying of causes other than 
cancer should be distributed equally be- 
tween the study and control groups. Addi- 
tional risks from surgical intervention 
would occur only in the lymphadenectomy 
group. All deaths were studied carefully to 
determine the cause. Table v gives the 
findings. The most frequent cause of death 
was recurrent cancer. Death from a second 
primary or from unrelated diseases occurred 
less often. Deaths from complications oc- 
curred in 8 instances in the lymphadenec- 
tomy group, and in I instance from radio- 
necrosis alone in the control group. 

The most common surgical complication 
was fluid accumulation at the dissection 
site? (Table vi). This lymphocyst created 
pressure on the pelvic wall vessels and dis- 
torted the ureter’s normal course. Leg 
edema and ureteral obstruction were the 
most frequent sequelae. In some instances, 
infection of the cyst contents resulted in a 


TABLE V 


CANCER OF THE CERVIX 
CAUSE OF DEATH BY STAGE 


Of 
Stage Cancer 
I Study Group I 
I Control Group — 
uA Study Group 6 
uA Control Group 3 
nB Study Group 7 
uB Control Group 8 
urA Study Group 8 
mA Control Group I4 
wB Study Group 8 
mB Control Group IO 
Total Study Group 30 
Total Control Group 45 


Other Intercurrent P res 
Complications 
Primary Disease 
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I I — 
I — I 
I — 
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serious intractable pelvic wall abscess. 
Such abscesses were resistant to healing be- 
cause of radiation damage of the tissue. Re- 
duction of the cyst and of obstruction to 
the lower extremity relieved the obstructed 
ureters; however, kidney damage may have 
occurred in the interim. 

If such complications could be prevented, 
the survival curves might be different and 
show more favorable results for the lymph- 
adenectomy group. However, at present, 
these complications are inherent to this 
combined therapy procedure. One would 
hesitate to reduce the radiation dose in or- 
der that the patient might better tolerate 
the lymphadenectomy, since the low inci- 
dence of positive lymph nodes found in the 
surgical specimens indicates the value of 
radiation therapy (Table v1). 


DISCUSSION 


Ás gynecologists and radiotherapists, we 
have continued to search for combined 
therapies which would augment one an- 
other and produce themaximum benefitwith 
a minimum of complications. Criteria for 
success of such combinations are simple: 
the combined therapy must produce a 
higher rate of cures than any one mode of 
therapy alone, and the benefits derived 
from it must offset any undesirable side ef- 
fects. 

There is an increasing number of reports 
in the medical literature on the results of 
treatment combining radiation therapy 
with hysterectomy; radiation therapy with 
hysterectomy and lymphadenectomy; and 
radiation therapy with lymphadenectomy 
alone. The high incidence of urinary tract 
fistulae and vaginal vault slough precipi- 
tated by intense irradiation and extended 
hysterectomy renders the first procedure 
prohibitive. This is especially true follow- 
ing central irradiation over the bladder, 
ureters and rectum. It appears that the 
only way the extended hysterectomy could 
be employed without excessive complica- 
tions would be by reducing the amount of 
radiation given prior to the operation. We 
were reluctant to sacrifice the known bene- 
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Taste VI 
CANCER OF THE CERVIX 
COMPLICATIONS 
Lymphocyst 54 
severe 20 
moderate Ij 
mild 19 
Leg Edema 8 
Hydronephrosis I4 


fits of radiation therapy for an uncertain 
gain from the two methods combined. As 
an alternate approach, lymph nodes were 
extirpated rather than the primary lesion. 

From 1954 to 1962, more than 450 pelvic 
lymphadenectomies were performed in our 
institution as part of the management of 
carcinoma of the cervix, providing the ma- 
terial for several different studies. From 
1957 to 1960, 142 of these were 1n the clini- 
cal trial. The decision to prescribe the 
operation was always based upon the belief 
that additional benefit would be derived 
and that any complication from the opera- 
tion would be minimal. The randomized 
trial results confirmed the clinical impres- 
sion gained from analysis of earlier ma- 
terial that prognosis was not always en- 
hanced by adjunctive lymphadenectomy. 
There was no difference in the results of 
treatment with or without adjunctive 
lymphadenectomy. Table v shows that 
there were ; more dead from disease in the 
group without lymphadenectomy than in 
the group which had adjunctive surgery ; 8 
who had surgery died of complications so 
that both groups were about equal. 

Failure of this operation to result in cure 
may be explained by the distribution of the 
cancer beyond the range of the operative 
site. Of the 100 patients in the previous 
study of Stage nr only, 21 had positive 
lymph nodes situated within the pelvic 
area; 5 had positive lymph nodes above the 
pelvis and beyond the rangeof thelymphad- 
enectomy. The remaining 7 patients had 
positive lymph nodes both within and out- 
side the pelvis and the area they covered 
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Tase VII 
CANCER OF THE CERVIX 
PATIENTS WITH POSITIVE LYMPH NODES 
No. of 
Stage E: id Positive Per Cent 
Lymph Nodes 
1 30 I I 
nA 39 4 10.3 
uB 25 5 20.0 
niA 23 4 17.4 
iuB 25 2 8.0 
142 16 I1.3 


was too extensive for complete removal. 

The problem was not the same for all pa- 
tients with positive lymph nodes. The num- 
ber, the size, and the location of these posi- 
tivelymph nodes were the determining fac- 
tors in whether complete removal could be 
effected. In some patients, there was a large 
amount of metastatic spread throughout 
the multiple lymph node areas, often bi- 
laterally. In others, the pattern was less 
diffuse, but the gross mass of metastatic 
cancer was large. These appeared as large 
single or matted multiple lymph nodes. Re- 
moval of the lymph nodes from about the 
large pelvic vessels by careful dissection 
was often done, but there seldom remained 
a sufficient margin of cancer-free tissue. So 
these patients were inoperable from the be- 
ginning. 

In the random study under review, 16 
patients of the 142 in thelymphadenectomy 
group had positive lymph nodes after radia- 
tion therapy (Table vir and Table vim). 
Eight of these 16 had positive aortic lymph 
nodes outside the range of the dissection, 
and no cure from lymphadenectomy could 
be expected for these patients. Of the 8 pa- 
tients who had positive lymph nodes situ- 
ated within the pelvis, 3 had bilateral posi- 
tive lymph nodes; no cures were obtained 
within this group. In the earlier survey, of 
21 patients who had positive lymph nodes 
remaining after a full course of radiation 
therapy, 12 had metastases beyond the 
range of lymphadenectomy. 
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Observations on the usefulness of the 
lymphadenectomy would be incomplete if 
only patients with positive lymph nodes 
were studied. In all cases the operative 
specimen included a near en bloc mass of 
fibroadipose tissue containing lymph nodes 
of various sizes. Two sections were pre- 
pared of each lymph node extracted from 
the specimen. Some of these lymph nodes 
are so infinitesimal in size that they can 
easily escape detection. There is definite 
experimental evidence that microscopic 
disease 1s more radiosensitive and is de- 
stroyed by a smaller dose. Microscopic 
lymph channels connecting these lymph 
nodes may also be the site for metastatic 
cancer; they are often not included in the 
slide sections undergoing study and so are 
undetected. 


SUMMARY 


At The University of Texas M. D. Ander- 
son Hospital and Tumor Institute, a clini- 
cal trial to investigate the benefits of pelvic 
lymphadenectomy after a full course of ra- 
diation therapy was begun in 1957 and 
completed in 1960. By a plan of randomiza- 
tion, I42 patients were entered, stratified 
by stage of disease, in the lymphade- 
nectomy group and 169 in thecontrol group 
treated by radiation therapy alone. There 
was approximately equal distribution in 
Stages I through m1. Comparison by sur- 
vival curves shows no significant improve- 
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CANCER OF THE CERVIX 
POSITIVE LYMPH NODE SITES 


: No, of 
Site Patients 
Pelvis 8 
Right 2 
Left 3 
Right and Left 3 
Above Pelvis l 8 
Aorta 5 
Right Aorta I 
Left Aorta . I 
Right and Left Aorta I 
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STAGE | 


CUMULATIVE PERCENT SURVIVED 


N 


~ 
STAGE IIA —— "w--e 
NOJ 


! 23 45 6 7 | 
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STAGE HIB 





2345 6 T7 l 
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ses8gg8ass8g 


$S888A8 88 


TOTAL 
GROUP 
ALL 
STAGES 





23 45 67 
TREATMENT 


Fro. 1. Survival curves of patients treated for squamous cell carcinoma of the cervix. Curves for Stage 1, 
nA, uB, mA and mB and all stages combined are shown. Patients who had lymphadenectomy added to 
their treatment are represented by solid line curves. The broken Ime curves are for patients who had 


radiation treatment only. 


ment for those patients who had lymph- 
adenectomy after radiation therapy (Fig. 
I). There were, however, fewer deaths from 
recurrent cancer among the lymphade- 
nectomy group and more deaths from com- 
plications. None of the patients with posi- 
tive lymph nodes survived. 

Postoperative complications developing 
in the dissection site were frequent and 
severe. Methods to prevent these complica- 
tions may yet be developed. If this occurs, 
the combined therapy should be re-evalu- 
ated. Until then, we will use this combina- 
tion only for specific needs and not as a rou- 
tine adjunct to therapy. 

It is suggested that greater attention be 
given to the lymph nodes in the area of the 
abdominal aorta. Systematic sampling of 
these lymph nodes, as part of the study of 
lymph node metastasis, will show a sur- 


prisingly hign incidence of positive lymph 
nodes. 


Felix Rutledge, M.D. 

The University of Texas M.D. Anderson 
Hospital and Tumor Institute 

Houston 25, Texas 


Note: Kolmogorov-Smirnov Significance 
Test. Since the modified life table method is 
essentially a nonparametric procedure, the 
t-test is not applicable as a measure of signifi- 
cance. The nonparametric Kolmogorov-Smir- 
nov two-sample test was used to test for sig- 
nificant differences between those who had 
lymphadenectomies and their controls by stage. 
The test uses the difference between cumulative 
percentages. At no point was there a difference 
between the cumulative survival rates or per- 
centages that equaled or exceeded the corre- 
sponding critical percentage needed for signifi- 
cance. The greatest difference found (Stage 
HIÁ) was 21, and for a sample size of 28 at the 5 
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per cent level of significance, a difference of 37 
would be needed.? 
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“SUPPRESSIVE” CHEMOTHERAPY IN 
BRONCHOGENIC CARCINOMA* 


A RANDOMIZED PROSPECTIVE CLINICAL TRIAL 


By H. HORWITZ, M.D., THOMAS L. WRIGHT, M.D., HAROLD PERRY, M.D., 
and CHARLES M. BARRETT, M.D. 


CINCINNATI, OHIO 


OR the purpose of this paper, the 

term "suppressive" chemotherapy in 
the management of malignant disease is 
specifically defined as—‘‘the regular (usu- 
ally daily) administration of an anti- 
neoplastic drug over a prolonged and in- 
definite period of time (months or years) 
to patients who have recently received 
primary 'radical treatment and have no 
objective evidence of tumor activity, but 
in whom the presence of subclinical active 
neoplasm, residual or metastatic, is 
strongly suspected.” As the term “sup- 
pressive” implies, the treatment aims at 
diminishing the rate of progress of subclin- 
ical malignancy (in the primary region or in 
micro-metastases) and thereby prolonging 
useful, active life. Suppressive chemo- 
therapy is somwhat different in concept to 
adjuvant chemotherapy which is generally 
employed as an acute course of drug treat- 
ment given to supplement radical cancer 
therapy in order to “deal” with micro- 
scopic tumor foci and thereby improve 
over-all results and survival. Suppressive 
chemotherapy is independent of the form 
or nature of the primary treatment and 
is not in any sense for radiosensitization. 
It is neither palliative nor “prophylactic.” 
Suppressive chemotherapy assumes the 
presence of subclinical tumor activity 
(residual or metastatic) and acknowledges 
the likelihood of a fatal outcome; all it 
seeks to accomplish is a retardation of the 
process of neoplasia (Fig. 1). 


Suppressive chemotherapy, if it can be 
achieved, has interesting implications. The 
traditional radical concepts of “‘extirpa- 
tion" or "radiation sterilization” in the 
therapy of primary cancer, in spite of their 
emotional appeal, are not always relevant 
to tumor control, particularly in broncho- 
genic carcinoma. If rapidly growing tumors 
can, by some subtle means, be “curbed” 
and trained to grow slowly, much might be 
accomplished in clinical cancer therapy 
without recourse to crude destructive local 
measures. It is well known that many 
slowly growing tumors are compatible with 
prolonged survival and little morbidity. At 
the present time, the idea of slowing the 
growth of tumors (perhaps by inducing 
differentiation in cancer cells) is still a little 
fanciful, but may be potentially more fruit- 
ful than the purely ablative concepts cur- 
rently preached and practiced. Partial and 
temporary tumor restraint is almost cer- 
tainly the mechanism for some of the 
beneficial effects of hormone manipulation 
in breast cancer! and in certain other 
“hormone dependent" tumors, such as 
prostate and thyroid neoplasms. 

Considered in relation to bronchogenic 
carcinoma, the validity of the concept of 
suppressive chemotherapy can be tested 
using an alkylating agent. The following 
crucial question can be formulated: "In 
patients with clinically localized carcinoma 
of the bronchus, in whom surgical treat- 
ment is not possible or is inadequate, and 


* Presented in abridged form at the Sixty-&fth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, 


September ag-October 2, 1964. 
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who are treated with “radical” radiation 
therapy, are there advantages to be gained 
by immediately instituting long-term “sup- 
pressive” chemotherapy (with an alkylat- 
ing agent) and continuing this treatment 
indefinitely?" The question can be broken 
down, specified and qualified by rigid defini- 
tions (see below). Some hypotheses can be 
developed. 


HYPOTHESES 


Postradiation suppressive chemotherapy 
(to be defined and used in a specified 
fashion): (1) increases the survival time in a 
certain (defined) group of patients with 
bronchogenic carcinoma; (2) increases the 
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quality of survival in this same group of 
patients (parameters to be defined); (3) 
alters the course of disease in these patients 
by affecting the evolution and pattern of 
distant metastases; (4) is of greater value 


for undifferentiated or anaplastic tumors 


than for squamous cell carcinomas; and 
(5) is easy to control and free from signif- 
icant risks or undesirable side effects. 

The study which forms the substance of 
this report was devised as a prospective 
randomized clinical trial‘ specifically 
designed to test these hypotheses. Prelimi- 
nary results show that hypotheses 1, 4 and 
5 have been substantiated. Hypotheses 2 
and 3 are unproven. The study is still in 
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Fro. 1. Diagrammatic models of the clinical patterns and 


evolution of bronchogenic carcinoma. The horizontal 


line in each case represents the clinical threshold. Above the line are denoted symptoms and signs of tumor 
activity. Tumor growth (ordinate) is represented logarithmically. Time (abscissa) is shown linearly on an 
arbitrary scale. Top ft: Distant metastases at first presentation. Bottom left: Partial control of primary 
tumor with local recurrence and extension later. Distant metastases are not a clinical problem. Top right: 


This is the commonest pattern. The primary tumor is 


controlled but distant metastases (present but occult 


at the time of primary radical therapy) are responsible for a fatal outcome. Bottom right: Theoretic mode of 
action of suppressive chemotherapy-—the rate of growth is altered and the clinical manifestations of 


metastases or recurrence are delayed. 
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progress and will take another year or two 
to complete, but statistically significant 
results are now available. Additional and 
more detailed analyses will be possible at a 
later time. 


FACILITIES, MATERIALS AND DEFINITIONS 
THE INSTITUTION 


The study was undertaken at the Cin- 
cinnati General Hospital—the main teach- 
ing hospital of the University of Cin- 
cinnati College of Medicine. The hospital 
caters to the indigent of the City of Cin- 
cinnati (which has a total population of 
approximately 500,000 persons) but mot to 
impecunious persons residing in surround- 
ing municipalities, suburbs and county 
areas. The whole geographical complex 
known as the Greater Cincinnati Area has 
a population of about one million people, 
for whom the Cincinnati General Hospital 
provides emergency and accident services. 
Routine general medical care is only pro- 
vided, however, for a total of between 
90,000 and 100,000 City of Cincinnati in- 
digents, about ṣo per cent of whom are 
Negro. The derivation (on a yearly basis) 
of the clinical material used in the trial in 
relation to the over-all occurrence of lung 
cancer in the general geographical area 1s 
shown in Figure 2. Two-thirds of the pa- 
tients to be discussed were in the lowest 
economic groups (receiving financial sup- 
port from various welfare agencies) and 
were unable to contribute anything to- 
wards their hospitalization or treatment. 
One-fifth of the patients had very small in- 
comes and were considered able to pay a 
nominal charge for clinic visits, and scaled- 
down charges for xray examinations, 
drugs, etc. 

All patients to be described in this report 
were hospitalized initially, diagnosed and 
treated (surgery, radiotherapy, chemo- 
therapy and terminal care) at Cincinnati 
General Hospital. There was no reason to 
doubt the accuracy of the diagnosis?”® in 
any of the cases entered into the trial. All 
cases were referred from the Departments 
of Medicine and Surgery. Normally, the 
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DERIVATION OF CASES FOR THE "TRIAL" ON YEARLY BASIS 
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PRIVATE PATIENTS 


INDIGENTS 
10 CASES 
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10 CASES 
DISTANT METASTASES 


WITHOUT DISTANT 
METASTASES 


INCURABLE BY SURGERY 


zy ENTERED INTO 


SURVIVING FULL RADIOTHERAPY umm 
xS CLINICAL "TRIAL" 


WITHOUT DISTANT METASTASES 


Fra. 2. It is estimated that the incidence of broncho- 
genic carcinoma in the Greater Cincinnati Área is 
about 300 new cases per year. The illustration ex- 
plains why only about 12 cases per year are avail- 
able for the chemotherapy trial. (The figures indi- 
cated are very close approximations.) 


resident staff assumes the bulk of the re- 
sponsibility for patient care, but patients 
accepted for the clinical trial to be described 
were managed in every detail by senior staff 


members (H.H., T.L.W., and H.P.). 


THE PATIENTS 


In order to be entered into the trial, the 
patients had to meet certain clinical and 
general criteria. Age, sex and race, which 
were mot determining factors, are sum- 
marized in Table x and Figure 3. ..- 

Clinical and Histologic Groupthg. The 
six clinical groups (A-F) which were 
accepted for the trial are defined in Table 
u. No particular prognostic significance is 
attached to this system of grouping. The 
specification is mainly on a gross anatomic 
basis and is simply used to describe the 
material entering the trial. Histologic 
proof was required and the designations 
“squamous cell,” “oat cell,” “anaplastic” 
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TABLE I 


LUNG CARCINOMA—CINCINNATI GENERAL HOSPITAL 
(DECEMBER I96I-JUNE 1964) 
SEX AND RACE DISTRIBUTION 









“Trial” Patients 








Male 74 (88%) 28 (93%) 

Female 11 (12%) 2( 7%) 

White 46 (54%) 13 (43%) 

Negro 39 (46%) 17 (57%) 
Total 05 3o 





or “undifferentiated” were acceptable. All 
other designations (including “adenocarci- 
noma" and “alveolar cell" carcinoma) were 
disqualifying. In a few cases, histologic 
proof was not available initially (4¢., 
superior vena caval obstruction) but was 
obtained subsequently. Histology did not 
effect grouping nor did it influence manage- 
ment of the patients once they were 
selected for the study (Table 111). 

General Qualifications. In the general run 
of patient material, it was unusual for 
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AGE DISTRIBUTION 













Total no. of patients = 85 
"Trial" potients (shaded) - 30 
Drug ne 
Placebo NE 
All other CJ 


24 '29 34 39 


44 49 84 59 6 69 74 80 
AGE 


Fic. 3. Age distribution of all lung cancer patients 
diagnosed at Cincinnati General Hospital from 
December, 1961 to June, 1964. The age distribu- 
tion of the drug and placebo cases is indicated. 


carcinoma of the lung to develop “out of 
the blue" in otherwise healthy individuals 
(19 per cent of all cases). The level of 
morbidity due to diseases other than lung 
cancer was high, indeed many patients 
were harboring multiple pathologic proc- 























Tase II 
CLINICAL GROUPING OF CASES ENTERING CHEMOTHERAPY TRIAL 
Ed Placebo Total 

Group A Found inoperable at thoractomy. No procedure 

other than biopsy 3 5 8 
Group B Resection undertaken. Malignant disease known to 

be left within chest 3 2 5 
Group C Inoperable because of location or local extension of 

disease (i.¢., extension into the mediastinum or con- 

tiguous bone involvement or pleural effusion) 2 I 3 
Group D Inoperable because of age, coexisting disease or poor 

general condition 2 2 4 
Group E Superior vena caval syndrome (primary presenta- 

tion) I I 2 
Group F Clinically involved or pathologically proved supra- 

clavicular lymph node metastases. No evidence o 

metastases beyond this area 4 4 8 





Total 


185 I5 30 
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Taste III 


CLASSIFICATION BY HISTOLOGY 


All 85 Patients 
(including trial 


patients) 


Squamous Carcinoma 37 (43%) 


Undifferentiated Carcinoma 
Including “‘Oat-Cell” and 
“Anaplastic Cel! 


45 (53%) 
3 ( 4%) 


Adenocarcinoma 


Percentages are approximate. 


esses (Table 1v). Only 38 per cent of lung 
cancer patients had an entirely negative 
past history of chest disease. The presence 
of other chronic diseases, pulmonary, 
nonpulmonary or psychiatric, did not in 
general disqualify patients from the trial 
unless these diseases were so severely dis- 
abling that they precluded the administra- 
tion of a full course of radiation therapy or 
made out-patient management impossible. 
It was required that primary treatment for 
the lung neoplasm be initiated as soon as 
possible after diagnosis, and that the pa- 
tient complete primary or postoperative 
radiotherapy without showing evidence of 
metastases beyond the irradiated areas. 
During a 24 year period, December, 
1961 to June, 1964, a total of 85 new cases 
of bronchogenic carcinoma were seen at 
Cincinnati General Hospital. A break- 
down of this material is shown in Figure 4. 
It can be seen that in roughly 25 per cent of 





Trial Patients 
Drug Placebo Total 
8 7 15 (50%) 
7 8 15 (50%) 
o fe, o 


all cases either the disease was widely dis- 
seminated when the diagnosis was made, 
or the diagnosis was made at autopsy. In 
a further 25 per cent (approximately) of all 
cases, thoracotomy was considered justi- 
fiable, but in only 5 cases (1 in 4 thoracot- 
omies) was a satisfactory grossly com- 
plete resection possible. The remaining 50 
per cent of all cases were judged after full 
investigations and assessment to be un- 
suitable for surgical therapy for various 
reasons. The clinical groupings of cases 
which finally qualified for the trial are 
indicated by the lightly shaded areas in 
Figure 4. 

A total of 30 cases entered the trial 
during the 2 year period. The clinical 
course prior to the first therapeutic event 
is shown in Figure 5. Delay prior to therapy 
is broken into three components. Patient 
delay is seen to be very variable, depending 
as it does on imponderable factors. The 


Taste IV 


SIGNIFICANT MORBIDITY UNRELATED TO LUNG CANCER IN TOTAL OF 85 PATIENTS 


Pulmonary Diseases 
None 
Pneumonia (past history), Chronic 


Bronchitis, Tuberculosis, Bronchiectasis, 
Asthma, etc. 


Percentages are approximate. 


32 (3890) 


53 (62%) 
No Significant Morbidity of Any Kind Apart from Lung Cancer 






Nonpulmonary Chronic Diseases 
41 (48%) 










Cardiovascular, Gastrointestinal, 
Genitourinary, Psychiatric, 


Neurologic, etc. 43 (52%) 


16 (19%) 
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BREAKDOWN INTO CLINICAL GROUPS — 85 PATIENTS 





[_] Shaded areas indicate 
CHEMOTHERAPY 
TRIAL PATIENTS 


Frc. 4. Breakdown by clinical groups of all 85 cases 
of bronchogenic carcinoma diagnosed at Cincin- 
nati General Hospital from December, 1961 to 
June, 1964. The term “metastatic” refers to dis- 
tant (blood-borne) dissemination. A total of 30 of 
these patients qualified for the chemotherapy 
trial—their distribution among the clinical groups 
is indicated. 


long periods between the initial consulta- 
tion with a doctor and the establishment of 
the diagnosis in some of the cases is note- 
worthy. This delay was not entirely de- 
pendent on medical acumen; in some cases, 
patients, for reasons best known to them- 
selves, failed to return for follow-up during 
diagnostic studies; in other cases, break- 
downs occurred in communications, and 
patients, due to ignorance (or perhaps to 
temporary improvement in their symp- 
toms), failing to appreciate the seriousness 
of their situations, did not report back to 
the clinic. Nonetheless, diagnostic delays 
greater than 2 months occurred in 8 of 30 
cases. The "therapeutic delay" is harder to 
account for; it represents time spent de- 
ciding if to treat, how to treat, whether to 
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operate, persuading the patient, obtaining 
further diagnostic studies, etc. This type of 
delay has been noted by others (Krant 
et 31.9), who observed what they called a 
"lag time" of the order of 28 days (median 
value) between diagnosis and the start of 
therapy. The urgency of the situation in 
the mind of the clinican may in these cir- 
cumstances have been dictated by severity 
of symptoms. The actual causes of delay 
are irrelevant to the biologic process of 
neoplasia; delay for whatever reason, be- 


REPRESENTATION OF CLINICAL COURSE PRIOR TO FIRST 
THERAPEUTIC EVENT IN “TRIAL” PATIENTS 
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Fic. 5. The 30 trial patients shown, by their process 
of selection, represent "advanced? disease at the 
time of initial therapy. The cases are arranged in a 
descending order of magnitude of total pre- 
therapeutic delay. It can be seen that patient 
delay contributed mostly to the over-all time 
prior to treatment, but that there was consider- 
able variability. The solid black bars represent 
intervals between the time when medical aid was 
first sought and the time that the diagnosis was 
established. The stippled areas represent delay 
after the diagnosis had been made (see text). All 
times are measured relative to the ''first thera- 
peutic event." There was no correlation between 
the length of the pre-therapeutic period and the 
length of survival in the entire group of cases 
studied (correlation coefficient 0.19). 
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cause it allows the disease to proceed un- 
checked, is theoretically undesirable, but 
when therapy has little to offer, reluctance 
to add further burdens to the patient is 
understandable. In the cases studied, over- 
all delay as measured by mean or median 
estimates prior to the first therapeutic 
event, although by chance slightly greater 
in drug (chlorambucil) patients than in 
controls, was not statistically significant 


(Fig. 8). 
TREATMENT 


Radical Radiation Therapy. This was 
conceived as the initial primary "radical" 
treatment whether or not it was used after 
incomplete or unsuccessful surgery, and was 
designed as an attempt to control ade- 
quately all the overt neoplastic disease. A 
cobalt 6o teletherapy unit (80 cm. source 
skin distance) was used to deliver a tumor 
dose of 5,000 r in 4 to § weeks to the intra- 
thoracic lesion (primary plus mediastinum) 
and also to both supraclavicular areas if 
either or both were clinically or histologic- 
ally involved (Group F cases). The radia- 
tion technique consisted of generous ante- 
rior and posterior ports, adequate to cover 
the roentgenologic lesion and adjacent 
mediastinum. Portal sizes varied a little 
from case .to case. When supraclavicular 
areas were also treated, a single large ante- 
rior port, usually 10X 20 cm., was used with 
a suitable shield for a central 3 cm. wide 
strip to protect the trachea, esophagus and 
cord. In Group C cases where pleural 
effusion was a presenting feature, nitrogen 
mustard (o.4 mg./kg. of body weight) was 
given intrapleurally as part of the initial 
radical therapy in addition to the standard 
course of irradiation. 

Suppressive Chemotherapy. The drug 
chosen for the trial was chlorambucil. There 
was no compelling reason for this particular 
choice, but there is some basis for the use of 
an alkylating agent, since nitrogen mustard 
is known to have a palliative value in some 
circumstances in bronchogenic carcinoma 
(see discussion). Chlorambucil is a good 
representative of the oral alkylating agents, 
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its dosage is easy to regulate, and it is a 
familiar drug in every-day clinical use. The 
toxicity of chlorambucil, when used in 
moderation, is virtually confined to bone 
marrow depression; it does not usually give 
rise to other unpleasant toxic effects such 
as gastrointestinal disturbances, hemor- 
rhagic cystitis, epilation, etc. It is empha- 
sized that the study was not designed to 
evaluate any particular drug, but rather to 
investigate the validity of the concept of 
“suppressive” chemotherapy. 

Treatment with chlorambucil was started 
as soon as possible after the end of radio- 
therapy. The dosage used was between 2 
and 8 mg. per day, by mouth, adjusted in 
order to maintain the total white blood cell 
count at a level of about 2,000 to 4,000 per 
cu. mm. over an indefinite period of time 
(or until the trial was terminated for any 
particular case). Significant thrombocyto- 
penia was not observed in our series, but 
had it occurred before leukopenia, the dos- 
age of chlorambucil would have been 
gauged on the platelet count rather than 
the white blood cell count with a view to 
maintaining the platelet count above 
100,000 per cu. mm. 


PROCEDURE 


Patients are initially placed in one of the 
six clinical groups (A-F). Histologic type is 
noted but does not affect grouping. Cases 
from each group are randomly assigned to 
chemotherapy or placebo (controls). All 
patients attend the chemotherapy clinic 
weekly starting 2 to 3 weeks after the com- 
mencement of radiotherapy. Preliminary 
history taking, recording of physical find- 
ings and the starting of code sheets are 
accomplished. Weekly blood cell counts are 
instituted. At the end of radiation therapy, 
or shortly thereafter, medication (chloram- 
bucil or placebo) is started and the dosage 
of the former is adjusted according to the 
white blood cell count. Both treatment and 
control patients are handled in an exactly 
similar fashion; the placebo tablets used 
have an appearance indistinguishable from 
that of. chlorambucil tablets (Leukeran- 
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Burroughs Wellcome), but the trial is not 
"double-blind," since  chlorambucil-in- 
duced leukopenia is a guide to manage- 
ment. 

The chlorambucil or placebo therapy is 
terminated in each case at the time that a 
definite clinical diagnosis of local intra- 
thoracic recurrence or distant metastasis 
can be made. Evidence of tumor activity 
within the chest, such as the development of 
superior vena caval obstruction, esopha- 
geal obstruction or fistula, pericardial 
effusion, pleural effusion with malignant 
cytology, or any other complication un- 
questionably due to neoplasm, is a reason 
for stopping medication. The manifesta- 
tions of distant metastatic disease are not 
generally difficult to recognize and give a 
fairly clear-cut end point. Periodic routine 
roentgenographic studies and, occasionally, 
liver and brain radioisotope scans are help- 
ful in reaching a diagnosis of metastatic 
disease. The diagnosis of recurrence or 
metastasis is interpreted as indicating a 
loss of control or loss of suppressive effect 
on the neoplasm by the chemotherapeutic 
agent.* Cases removed from the trial are 
followed and supervised indefinitely in the 
clinic or in the wards of the hospital. The 
best available symptomatic treatment is 
given for each specific problem as it arises. 
Hospitalization is arranged for terminal 
care. Autopsies are obtained in as many 
cases as possible (Table v). 


PARAMETERS 


In order to test the five hypotheses set up 
at the beginning of this paper, the following 
five sets of parameters were used. 


Hypothesis 1—Survival. This was meas- 
ured in each case from several different 
time points and the data were analyzed by 
three different statistical techniques. The 
time points used were: 


(a) The onset of symptoms or “apparent 


* It is now felt, after some experience with suppressive chemo- 
therapy and some further consideration, that this interpretation 
is wrong (see Discussion). For the purposes of the trial, as de- 
signed and conducted, it did, however, provide a time point at 
which to terminate chlorambucil or placebo therapy. 
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TazLE V 


AUTOPSY RATE 





All Patients | "Trial" Patients 






Total Mortality 
Autopsies 


75 23 
48 (6470) 12 (52%) 


clinical onset." The inherent inaccuracy of 
this time point is recognized, but special 
efforts were made to pinpoint it; this in- 
formation was included in the data for the 
sake of completeness. 

(b) The date medical aid was sought. This 
is the time that the patient first reports to a 
doctor complaining of symptoms relating to 
his bronchogenic carcinoma. 

(c) The date of diagnosis. This is gener- 
ally the date of histologic diagnosis and, 
therefore, may be the date of thoracotomy 
in some patients. In certain cases (i.e, 
superior vena caval obstruction), it is the 
date of clinical diagnosis. 

(d) The date of the frst therapeutic event. 
This 1s sometimes a surgical procedure and 
sometimes the first day of radiation ther- 


apy. 

(e) The beginning of chemotherapy. (Nor- 
mally soon after the end of radiotherapy.) 

(f) The date of first clinical evidence of 
metastatic disease or recurrence. Since pa- 
tients attend the clinic weekly, this time 
point can be reasonably well fixed. 

The most important time point from 
which to measure survival 1s taken tobe 
the time of the frst therapeutic event. This is 
the first occasion that any action is taken 
which could conceivably influence the 
course of the disease. 


Hypothesis 2—Quality of Survival. Four 
separate parameters of quality of survival 
were employed: 

(a) The performance status (Karnofsky 
el 41.9), which like other systems for quality 
estimation has imperfections, was con- 
sidered to be a good general over-all index 
of quality of survival. The assessment was 
made weekly by an independent, unbiased 
observer (registered nurse) who was not 
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aware of the nature of the treatment in 
individual cases. During hospitalization, 
the assessment was made weekly by the 
head nurse in the ward. Although morbidity 
in lung cancer patients may be influenced 
somewhat by other coexisting chronic dis- 
eases and by intercurrent acute disorders, 
it can usually be directly or indirectly re- 
lated to the clinical status of the malignant 
process. Carcinoma of the lung, after all, 
is a pernicious and sinister process and its 
manifestations tend to overshadow those 
due to other lesser maladies. 

(b) Total duration of hospitalization. 
This is a somewhat crude measure of gross 
disability. It is-evident that existence out- 
side the hospital is of a higher “quality” 
than existence within the hospital and 
therefore the shorter the over-all period of 
hospitalization, the better for the patient. 

(c) Weight change during the period of 
chemotherapy or placebo. Weight loss 
(related to original weight) is another some- 
what crude measure of over-all quality of 
survival. 

(d) The occurrence and/or persistence of 
chest symptoms during the period of 
chemotherapy or placebo. Chest symptoms 
were individually graded as "absent," 
“present” or "severe" and recorded weekly 
for each patient. An appraisal of the total 
morbidity due to symptomatic chest dis- 
ease was thus obtained. 


Hypothesis 3—Alterations in the Natural 
Course of the Disease. The time of onset, 
type and pattern of metastases were re- 
corded in each case and comparisons were 
made between chlorambucil and placebo 
patients. Survival time after the appear- 
ance of recurrent or metastatic tumor was 
also studied. Autopsy information was 
available in more than half of the patients 
who succumbed (Table v). The small num- 
ber of cases studied so far makes the testing 
of this hypothesis somewhat unsatisfac- 
tory. 


Hypothesis 4—Histology in Relation to 
Suppressive Chemotherapy. Histologic types 
were compared to see if the concept of sup- 
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pressive chemotherapy is valid only for 
undifferentisted tumors. Those cases in 
which the words "squamous cell carci- 
noma” appeared on the pathology report 
were compared with all others grouped 
together (“‘anaplastic,” “undifferentiated,” 
“oat cell,” etc.). A great deal of variability 
exists in histologic opinion, and broncho- 
genic carcinoma, like many other tumors, 
shows pleomorphism, allowing different 
histologic types to be discerned in different 
portions of the same tumor (Willis®). 
These data, therefore, are presented with 
reservations. 


Hypothesis 5—Drug Toxicity. The prin- 
cipal toxic effect of chlorambucil observed 
clinically is marrow depression leading to 
leukopenia and (rarely) thrombocytopenia. 
Weekly blood cell counts were performed in 
all cases. Otaer toxic effects were watched 
for, but none were seen. 


COLLECTION AND ANALYSIS OF DATA 


Data sheets were designed so that all 
information, expressed in digital form, was 
suitable for transfer to punch cards. Weekly 
flow sheets for weight, performance status, 
white blood cell count and drug dosage 
were used. Each of eight different chest 
symptoms was recorded in digital form as 
"absent," “present” or “severe” at each 
patient visit. Át the conclusion of the trial, 
in each case, further information was added 
to the master code sheet. For each patient, 
the master code sheet was completed when 
all information (including autopsy data 
when availa»le) was at hand. The data 
from each case were finally reduced to three 
IBM cards, with a view to making the 
compilations, tabulations and statistical 
analyses on the IBM 7040 computer at the 
University of Cincinnati Medical Comput- 
ing Center. Only limited analyses have so 
far been attempted. Many additional 
breakdowns, tabulations and analyses will 
be possible when complete data are avail- 
able on all of 38 cases now in the trial. Some 
of the mathematical work herein presented 
was in fact done "by hand." 
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TanLE VI 
MEAN SURVIVAL (IN DAYS)—23 “TRIAL” PATIENTS DECEASED 
WITHIN 1§ MONTHS OF INITIAL TREATMENT 
Placebo Group Chlorambucil Group 
(11 patients) (12 patients) 

From Onset of Symptoms «C 
From First Consultation «.026 
From Diagnosis <.025 
From First Therapeutic Event «.025 
From Beginning of Chemotherapy «.025 


From First Clinical Metastases 


RESULTS 


SURVIVAL (HYPOTHESIS I) 


Survival for the trial patients was 
assessed in three different ways: mean sur- 
vival, median survival and life table 
(actuarial) analysis. The data are summar- 
ized in Table vx and in Figures 6, 7, 8 and 
9. It can be seen that in the patients who 
died within 15 months of the first therapeu- 
tic event (12 chlorambucil, 11 placebo), the 
mean survival measured from four different 
time points was significantly greater for 
chlorambucil cases (P= «.025). The me- 
dian survival times from the first therapeu- 
tic event (for 12 chlorambucil and 12 con- 
trol patients eligible to survive 1 year) was 
also significantly greater for chlorambucil 
cases (P= <.oo1). A plot of survival fol- 
lowing the first therapeutic event, by life 
table (actuarial) method, shows that the 
chlorambucil and placebo lines separate 
after the first 3 months—the chlorambucil 
cases apparently doing better, but a high 
degree of statistical significance cannot be 
claimed by this last analysis. More cases 
and follow-up are needed. 


QUALITY OF SURVIVAL (HYPOTHESIS 2) 


It was not possible to demonstrate any 
real difference in quality of survival be- 
tween chlorambucil and placebo cases by 
any of the four parameters used. 


(a) The average performance status dur- 
ing the trial was computed separately for 











both chlorambucil and placebo patients and 
was found to be almost identical (t test 
—0.421, d.f. 28). Similarly, the perform- 
ance status averaged out and time weighted 
over the whole period of survival, including 
the postchemotherapy period, was almost 
exactly the same in both groups (t test 
—:0,755, d.f. 14). 

(b) The average total duration of hos- 
pitalization after the beginning of chemo- 
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Fio. 6. There were 12 chlorambucil and 11 placebo 
patients who died within 15 months of the first 
therapeutic event. Survival is shown (to the near- 
est month) comparing the two groups of cases. It 
can be seen that, in general, the placebo cases tend 
to cluster to the left and the chlorambucil cases 
show a greater spread and extend more to the 
right. 
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Fro. 7. Survival times for 24 trial patients eligible to have survived 1 year are represented as symbols along a 
time axis. The placebo cases tend to bunch up to the left, whereas the chlorambucil cases are more spread 
toward the right. The median survival time for each treatment group is compared with the median survival 


time for all cases combined. The statistical analysis and P value are given. 


COMPARISON OF TOTAL EVOLUTION OF DISEASE PROCESS 


therapy or placebo was virtually identical 


FIRST 

PAN VAES m e. for both groups (Table vir). Although the 

23 "Trial" Pafients deod EVENT — bp 4g chlorambucil cases averaged about 4 days 
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(c) The weight change during the period 
of chemotherapy or placebo expressed as a 
percentage of original weight showed 


Month Month : 
MEDIAN VALUES. marked variability and was not consistently 
er A related to the over-all status of the disease. 
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Fic. 8. This diagram summarizes mean and median 
survival data. All time periods, expressed as mean 
and as median values, are related to the “first 

therapeutic event" shown as a central vertical 
line. Total delay time (duration of symptoms plus 
"diagnostic delay" plus “therapeutic delay") 
shown to the left of the center line is not signifi- 
cantly different for chlorambucil or placebo pa- 
tients, Similarly, the two time periods occupied 
by “Radiotherapy t Surgery" and “Metastases” 
are not significantly different for the two treat- 
ments. The difference in the duration of chloram- 
bucil or placebo therapy can be seen and the sta- 


One or two patients actually gained some 
weight while deteriorating, and in one case 
cardiac decompensation and edema com- 
plicated the picture. It was not possible to 
draw any firm conclusions based on weight 
change; the over-all impression was of a 
predominant pattern of gradual weight loss 
during the course of the trial in both 


X 


tistical significance of this difference is indicated. 
The total mean duration of the whole course of 
the disease after the initiation of treatment is ap- 
proximately 5 months for placebo cases and ap- 
proximately 8 months for chlorambucil cases. The 
corresponding approximate median values are 5 
months and 74 months, respectively. 
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SURVIVAL BY LIFE TABLE METHOD FROM FIRST THERA- 
PEUTIC EVENT (I5 PATIENTS IN EACH GROUP ) 
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Fic. 9. The survival following the “first therapeutic 
event" is plotted for 15 chlorambucil and 15 
placebo cases by the life table method. 93247:59 Tn 
some of the cases, follow-up was short and incom- 
plete when this analysis was carried out. The 
standard errors of the survival rate were calculated 
by the method of Greenwood (see references 13, 
16, 39). Since the numbers of cases were small and 
the follow-up short, this particular presentation 
of the data has limitations but it does show a sepa- 
ration of the two groups of cases. It is possible that 
the two lines when followed out sufficiently may 
converge (probably at about 1 year), suggesting 
that the effect of chlorambucil on survival occurs 
mainly for the short term cases. 


groups of cases. No statistical analysis of 
these data was attempted. 

(d) The frequency with which chest 
symptoms were present during the trial was 
compared for both chlorambucil and 
placebo cases. Noteworthy was the fact 
that the over-all incidence of chest symp- 
toms (particularly cough and sputum) was 
high in both groups of patients. Although 
these symptoms were present, they were 
seldom severe or incapacitating (Table 
vi). Cough and sputum were admitted in 
80 to go per cent of all patient interviews. 
Chest pain, often related to a thoracotomy 
scar, was admitted in 40 to 60 per cent of 


H. Horwitz, T. L. Wright, H. Perry and C. M. Barrett 


Marca, 1965 


Tasis VII 


MORBIDITY AS MEASURED BY TOTAL DURATION OF 
HOSPITALIZATION (IN WEEKS) FOLLOWING 
COMPLETION OF PRIMARY THERAPY 








Mean 
Duration of Standard 
Hospitalization Error 
(in weeks) 


All Patients 





5.34 


Drug Patients 
Placebo Patients 





such interviews. No statistical analysis of 
these data has been attempted, but the 
figures are presented for what they are 
worth. It is concluded that there has been 
little or no difference in chest symptomatol- 
ogy between chlorambucil and placebo pa- 
tients. 


The course of events for all trial patients 
after the start of therapy is shown in Figure 
10. For the first month or two, the patients 
are either recovering after surgical pro- 
cedures or enduring a harrowing course of 
radiation therapy, with its attendant local 
and general reactions. Sometimes, when 
radiotherapeutic insult is added to surgical 
injury, it may be 8 or 9 weeks or more be- 
fore the patient, reeling after this combined 
onslaught, begins to recover a little of his 
equilibrium. He then enters the phase of 
“suppressive” treatment with drug or 
placebo. The need for weekly clinic attend- 
ance, with its distasteful little rituals of 
blood counting, interrogation and physical 
examination, creates and perpetuates in the 
patient a state of chronic invalidism and 
doctor-dependence, which persists until the 
next inevitable crisis—the clinical manifes- 
tations of recurrent or metastatic tumor. 
The period during which regular clinic 
attendance is imposed on the patient is a 
time of uneasiness and apprehension. Even 
though his symptoms may be mild, he is in 
fear that his doctor will, at any moment, 
discern some new and dreadful abnormality 
requiring further hospitalization or un- 
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FREQUENCY OF MAJOR CHEST SYMPTOMS* IN PATIENTS DURING CHLORAMBUCIL OR PLACEBO THERAPY 
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Percentage of Interviews at Which 
Patients Were Symptomatic 
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Chlorambucil Placebo 
Cough a E k 80% E P | 90% 
Sputum "se p ) 84% 
Hemoptysis C: je | 7% 
Dyspnea ine e | 33% 
Pain Ae 2G, | en 
Dysphagia idi d | 97% 





* Symptoms assessed as absent, present or severe, No other attempts at grading were made. 


REPRESENTATION OF CLINICAL COURSE AFTER 
FIRST THERAPEUTIC EVENT 
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Fic. 10. Diagrammatic representation of the clinical 
course for 30 trial patients after the initiation of 
therapy. There is much to focus the patient's at- 
tention (see text). It is usually a month or two 
(maybe more) before the preliminaries of unsuc- 
cessful surgery and debilitating radiotherapy are 


pleasant treatment. This iatrogenic "trial 
neurosis,” whilst it may contribute some- 
what to over-all disease, is believed to be 
of the same significance for both drug and 
placebo cases. When the phase of metastat- 
ic or recurrent disease is entered, the 
quality of survival usually drops markedly 
and permanently. Sometimes, however, a 
metastatic focus can be successfully treated 
and the patient will regain some of his well- 
being, perhaps for a few weeks or months. 
Although the question of the quality of 
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over with. Chlorambucil and placebo therapy as 
given over a long period of time do not, of them- 
selves, cause any distress; however, minor chest 
symptoms related to the tumor or to the attempts 
at ablative treatment are apt to persist. The pa- 
tient is rapidly impressed with the general insta- 
bility of the situation and soon realizes that all is 
not well. His fears are amply justified by the 
fairly rapid appearance of trouble in the shape of 
local recurrence or distant metastases. In brief, 
the patient is seldom really “well” once treatment 
is started. 
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TABLE IX 
REASON FOR STOPPING ''TRIAL'—25 PATIENTS 
No. of Patients 
Drug Placebo Total Per Cent 


Local Recurrence within Chest (no evidence of 
distant metastases) 


Distant Metastases Áppearing at Various Sites 
Simultaneously 

Distànt Metastases Appearing Initially in Bone 

Distant Metastases Appearing Initially in Brain 

Distant Metastases Appearing Initially in Liver 

Distant Metastases Appearing Initially in 
Extrathoracic Lymph Nodes 


survival for these patients has been labored, 
it is emphasized that the general level of 
morbidity as measured in this study is no 
better and zo worse for the chlorambucil 
cases as compared with placebo cases. 


CHANGES IN THE COURSE OF THE 
DISEASE (HYPOTHESIS 3) 

In studying the evolution of disease in 
chlorambucil and placebo patients, no ap- 
parent difference in the pattern of de- 
velopment of metastases could be seen. The 
reasons for stopping the trial (discontinu- 
ing the medication) in 25 patients are 
summarized in Table rx. In about one- 
quarter of the cases, the trial was stopped 
for obvious recurrent tumor activity within 
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the thorax. In the rest, metastatic disease 
at various sites outside the chest required 
termination of the trial. The numbers are 
too small to draw any firm conclusions, but 
it would appear that the various manifesta- 
tions of tumor activity studied are similar 
in both chlorambucil and placebo groups. 
The disease pattern at death, as far as 
liver, brain, bone and “other” metastases 
were concerned, in 23 trial patients is shown 
in Table x and is compared with the disease 
pattern seen in another 52 cases who died 
during the same time period at Cincinnati 
General Hospital. Again, no real difference 
is apparent between chlorambucil and 
placebo cases, although the numbers are 
small and the observations recorded are 


TABLE X 
DISEASE PATTERN AT DEATH—~75 PATIENTS* 











52 Non-trial Patients 


Blood Borne Metastases 


(various sites) 39 (75%) 


21 (40%) 






Liver Metastases 


Brain Metastases 12 (23%) 
Bone Metastases 15 (29%) 
Other Metastases 31 (60%) 


23 “Trial” Patients 


Total 


16 (70%) 


8 (35%) 
5 (2205) 


9 (39%) 
14 (61%) 












* This table was compiled from autopsy information when available, and from clinical records. The incidence of metastases at various 


sitea may therefore tend to be underestimated. 
Percentages are approximate, 
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somewhat gross. The cause of death was di- 
rectly related to neoplasm in all trial pa- 
tients who died (Table x1). Of the 52 non- 
trial patients, 43 deaths were due directly 
to tumor, 5 to other causes and 4 to surgical 
mortality. 


HISTOLOGY IN RELATION TO EFFECTIVENESS OF 
CHEMOTHERAPY (HYPOTHESIS 4) 

It was possible to compare the median 
survival time in a total of 13 cases diag- 
nosed as “undifferentiated” or “oat cell" 
carcinoma, 6 of which received placebo and 
7 received chlorambucil. For the placebo 
group the median survival time was 159 
days and for the chlorambucil group, 234 
days. The difference is regarded as statisti- 
cally significant (P=.0379). Of 12 cases 
diagnosed as “squamous cell carcinoma," § 
received placebo and 7 chlorambucil. The 
median survival for the placebo group was 
148 days and for the chlorambucil group, 
200 days. This was not considered a statis- 
tically significant difference (P=.162). 
More data will be available in due course to 
evaluate further this facet of the study. 


DRUG TOXICITY (HYPOTHESIS 5) 


No toxic effects of chlorambucil were 
seen. Leukopenia of the order of 2,000 total 
white blood cell count was frequently ob- 
served, but this never seemed to be associ- 
ated with any difficulties or complications. 
Thrombocytopenia and other “side” effects 
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were not observed. It is assumed that 
chronic administration of chlorambucil 
must have produced some low grade cumu- 
lative marrow damage but there was no 
suggestion in any of the patients of clinical 
repercussions from this cause. It is con- 
cluded that the degree of marrow damage 
produced was insignificant for these pa- 
tients. 


DISCUSSION 
THE LIMITATIONS OF RADICAL THERAPY 


When the lung cancer process is viewed 
in its four dimensions, the overwhelming 
importance of rate of growth and tumor 
transplantability is readily perceived. These 
factors may indeed be interrelated. Studies 
based on modern concepts of exponential 
tumor growth" have been applied to pri- 
mary lung cancer!?549,55 and have sug- 
gested that tumors which may appear clini- 
cally to be rapidly growing may have been 
preceded by surprisingly long pre-clinical 
phases. Garland ef 4/.? estimate that the 
doubling time for squamous and for undif- 
ferentiated lung tumors is in the region of 4 
months, and that the over-all tumor ‘“‘dura- 
tion time" from inception to clinical recog: 
nition is some Io to 15 years. This seem- 
ingly large estimate, based as it is on certain 
assumptions, may appear a little unrealistic 
(even far-fetched) and it may be argued, 
with justification, that there are certain 


TABLE XI 


PRIMARY CAUSE OF DEATH——75 PATIENTS 


* 


All Non-trial Patients “Trial” Patients 


Death Directly Related to Neoplasm 43 (83%) 23 (100%) 
Cerebrovascular Accident 

(8 months postpneumonectomy, no tumor at autopsy) I — 
Cerebrovascular Accident 

(latent bronchogenic carcinoma at autopsy) T6707) — 
Confluent Lobular Bronchopneumonia 1770 ' 

(latent bronchogenic carcinoma at autopsy) 3 — 
Surgical Mortality 

(21 thoracotomies) 4 — 


Total Mortality 


52 23 
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built-in fallacies and pitfalls inherent in the 
assessment of tumor growth rates and that 
variations in "host" resistance must be 
taken into account. It must be further 
argued that estimates of 10 to I$ years 
tumor duration time are based on cases pre- 
selected because of their slow growth rate, 
and such estimates, therefore, do not repre- 
sent the general or average picture of lung 
cancer. Notwithstanding these arguments, 
there is clearly a lesson to be learned. What 
is observed as the clinical syndrome of lung 
cancer must be regarded as only the brief 
and devastating climax to a prolonged, in- 
sidious, subclinical process which probably 
takes many years before it finally reaches 
the clinical threshold (Fig. 1). 

If it 1s accepted that the pre-clinical 
course of the disease may be as much as 10 
times as long as the clinical course, it is evi- 
dent that there 1s ample opportunity for 
metastatic disease to establish itself long 
before the primary tumor gives rise to its 
first symptom. Indeed, it would be unreal- 
istic to believe that bloodstream migration 
and distant colonization by tumor cells 
bear any temporal relationship to the some- 
what arbitrary occasions of diagnosis and 
treatment. Collins," basing his argument 
on the observable growth rate of pulmon- 
ary metastases from bowel neoplasms, 
demonstrates in a plausible way that 
metastatic disease in distant sites can be- 
come established long before currently con- 
ceived diagnostic techniques could possibly 
detect the primary lesion. It follows, there- 
fore, that, after the primary lesion is suc- 
cessfully ablated, the ultimate outcome will 
depend upon whether or not the patient 
survives long enough to succumb to meta- 
static disease. In tumors of slow growth 
rate, arguments for and against radical 
therapy for the primary tumor have little 
relevance to practical cancer management, 
since trouble arising from metastatic dis- 
ease may be remote, and the primary lesion 
meanwhile requires urgent treatment. 
Therefore, if survival is to be a matter of 
years, the primary lesion should be thor- 
oughly and carefully treated to prevent 
recurrence. When, however, the clinical 
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cancer process is telescoped into a matter of 
a few short months (such as it usually is in 
bronchogenic carcinoma), the wisdom of 
imposing on the patient debilitating and 
sometimes prolonged ablative treatment is 
questionable. 

In the trial described in this paper, 
"radical" radiation therapy was adminis- 
tered. The basic concept underlying this 
approach was that radical radiation ther- 
apy would give long term control of the 
primary area and that suppressive chemo- 
therapy would give similar long term con- 
trol of subclinical metastatic disease. Now 
that the results have been analyzed, it is 
felt, in retrospect, that the radical radio- 
therapy given was probably unnecessary 
and that the same results might well have 
been achieved with an abbreviated and 
more concentrated course of irradiation. 
"Radical" is very much a relative term 
when applied to the radiotherapy of lung 
cancer, but there is no doubt that in some 
circumstances high dose localized irradia- 
tion can destroy primary bronchogenic car- 
cinoma and lymph node metastases within 
the chest.597,57 

A study of the clinical evolution of the 
lung cancer process reveals two basic pat- 
terns?05! (Fig. 1). These seem to be only 
loosely related to presenting clinical fea- 
tures or to histologic subgroups: 

(1) Localized type. This represents about 
20 per cent of all cases. The tumor remains 
confined to the chest throughout its entire 
course. It may involve hilar or mediastinal 
lymph nodes, but not extrathoracic lymph 
nodes. Blood-borne metastatic disease, if it 
occurs at all, is not of clinical significance. 
Some patients in this group (perhaps 5o per 
cent of them) survive for time periods over 
1 year. It is from this group that the few 5 
year survivors are drawn. These cases may 
correspond largely with the more slowly 
growing and less aggressive types described 
by Garland e£ al.!? in which positive roent- 
genographic findings can sometimes be dis- 
cerned retrospectively I year or more prior 
to diagnosis. 

(2) Generalized type. This represents 
about 80 per cent of all cases. The tumor is 
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generalized when the patient is first seen. 
In most cases (but not always) this dissemi- 
nation is subclinical, but obvious extra- 
thoracic metastases declare themselves 
within a few weeks or months of the diagno- 
sis. Nearly all of these patients are dead 
within 1 year. None of these patients are ever 
"cured." Karnofsky et aL" and Golbey” 
recognize an additional subgroup within 
this main group which they designate 
"organ specific pattern." Here metastatic 
disease tends to dominate in one organ or 
system (1.e., brain, liver, bone) rather than 
in many systems simultaneously. The im- 
portance of this subgroup is that the sur- 
vival time may be a little better than in 
cases where the disease is more generalized, 
since successful treatment of the metastatic 
site (such as brain) may occasionally be 
followed by many months of trouble free 
survival. Radiation therapists are all famil- 
jar with occasional cases of this type. 

The concept of these two groups immedi- 
ately places a fundamental limitation on 
the potentialities of local radical therapy to 
"cure" the disease. If it were possible by 
vigorous combinations of surgery, irradia- 
tion and/or other means, to achieve com- 
plete elimination of the intrathoracic tumor 
in all cases treated, without significant 
morbidity or mortality, the very best ob- 
tainable over-all "cure" rate would be 20 
per cent (all the cases biologically prede- 
termined as "localized type"). All efforts 
directed at more efficacious treatment of 
the primary lesion (such as radiosensitiza- 
tion preoperative radiotherapy,*? etc.), 
desirable though they are, can only im- 
prove "cure" rates within that certain 
group of cases which comprises only about 
20 per cent of the total clinical problem. 
This crucial point is seldom mentioned by 
those dedicated to the doctrine of an ever 
more efficient attack on the primary lesion. 

It would be of great value to be able to 
recognize and differentiate the “localized” 
from the “generalized” groups at the time 
of diagnosis. Much futile effort could 
thereby be saved in clinical management, 
and much overzealous therapy and iatro- 
genic morbidity could be avoided. Fein- 
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stein? approaches this problem in an origi- 
nal and unique way; by classifying and 
analyzing symptoms, he is able to divide 
patients into six groups. The § year survi- 
vorship can then be related to the groups, 
irrespective of treatment. Careful analysis of 
symptoms is a neglected approach to cancer 
prognosis and argues strongly for a degree 
of biologic predeterminism. It would ap- 
pear that surgical operability criteria nec- 
essarily preselect those patients with a 
favorable prognosis, and that results may 
be more closely related to the biologic 
nature of the disease than to the treatment 
given. Another approach is that of Pillers 
et al. who examined the bone marrow in 
patients with clinically early malignant 
disease of various types. In lung cancer 
cases, cells were found which were regarded 
as “definitely malignant" or “suspicious” 
in over §0 per cent of patients who were 
candidates for radical treatment. Later, 
Mitchell* showed good correlation between 
these bone marrow findings and prognosis. 
The significance of this work in regard to 
planning treatment and estimating progno- 
sis for the individual case is not entirely 
clear, although it is now felt® that if malig- 
nant cells are definitely present on marrow 
examination in cases of undifferentiated or 
oat cell carcinoma of the lung, surgery 
should be avaided. 

Surgery itself can certainly contribute 
something to the dissemination of lung 
cancer,® but whether the increase of malig- 
nant cells in the blood stream in association 
with surgery is clinically significant (in 
bronchogenic carcinoma) is a moot point. 
It is likely that a potentially lethal tumor 
migration occurs long before surgical ma- 
nipulation of the tumor. The surgical speci- 
men frequently shows blood vessel invasion 
and this fact alone carries a serious progno- 
sis.? 


THE RELATIONSHIP OF RADICAL THERAPY TO SURVIVAL 


Although the object of radical therapy is 
"cure," the measure of success is survival.!? 
Prolonged survival does not depend neces- 
sarily on successful tumor, ablation, and, 
conversely, successful tumor ablation guar- 
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antees neither cure nor prolonged survival. 
The relationship (and perhaps even the 
relevance) of local radical therapy to sur- 
vival is not well defined. The association of 
reasonably good survival rates with groups 
of cases selected for a particular form of 
treatment adds little or no illumination. 
The implication, consciously or uncon- 
sciously made, that a direct relationship ex- 
ists between treatment method and survival 
rate creates confusion. It must always be 
remembered, when data in regard to se- 
lected groups of cases are reviewed, that 
the absolute over-all 1 year survival rate in 
lung cancer is no better than 20 per cent? 
(Fig. 11) and that the corresponding 5 year 
figure is at best in the region of 5-6 per 
cent*!9.30 

Since local therapy can only concern it- 
self with the control of local (intrathoracic) 
tumor, the efficacy of such treatment can 
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only be judged by its local results. If this 
yardstick is used, the treatment of car- 
cinoma of the lung (by surgery, radio- 
therapy or combinations of the two) is 
moderately successful since only a minority 
of patients die from the effects of the intra- 
thoracic neoplasm. If, however, local 
therapy is judged (or perhaps misjudged) 
on survival, the results are manifestly very 
poor for the obvious reason that no reallv 
effective life-prolonging treatment is avail- 
able for metastatic lung cancer in distant 
organs and tissues. Undeniably, local ther- 
apy is sometimes required to control local 
symptoms; indeed by its local effects alone 
such treatment contributes to survival, but 
whether or not anything more than mini- 
mal local therapy is generally necessary 
(particularly for advanced cases) 1s open to 
question.” The most important determi- 
nant of survival in lung cancer is the pres- 
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Fic. 11. The survival by actuarial analysis*1519181733 ig shown for a total of 61 patients who presented be- 
tween December, 1961 and June, 1964 at Cincinnati General Hospital. The only patients excluded from 
this group are those in whom distant metastases were present at the time of diagnosis (17 patients). If they 
were to be included, the 1 year survival figure would drop to about 7 per cent. It is emphasized that these 
figures take account of aH cases seen (including those apparently “early” and amenable to complete 
surgical resection). Although other reported figures may be somewhat higher, differences are more realisti- 
cally attributable to biologic factors rather than to therapy. 
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ence or absence of distant metastases. In 
more than 75 per cent of patients, the final 
outcome is determined by metastatic events 
outside the thorax, even in the presence of 
persistent chest morbidity due to smoulder- 
ing activity in the primary tumor, radia- 
tion effect, atelectasis, infection, fluid, etc. 

It may be concluded that local radiation 
therapy, even if brought to a pinnacle of 
perfection and universally applied, could 
not possibly “cure” more than about 20 per 
cent of lung cancer patients. In the vast 
majority of cases, local radical therapy has 
little or no relevance to survival. If survival 
figures are reported, and an attempt is 
made to relate them to a form of treatment, 
the causes of deaths (1.e., intrathoracic dis- 
ease versus distant metastases) should be 
recorded in order to assess the measure of 
success due to the treatment, and to try to 
separate this from any apparent success 
which may be entirely due to the behavior 
of the disease. 


POTENTIALITIES OF CHEMOTHERAPY 


The use of nitrogen mustard and related 
substances for the palliative treatment of 
bronchogenic carcinoma has been described 
many times. Roswit (1957)? reviewed the 
situation and, more recently, Goldman 
(1963)?! assessed results from some of the 
largest published series. It would be tedious 
to review this subject again here. It is fair 
to say in summary that nitrogen mustard is 
of value in the treatment of superior vena 
caval obstruction and pleural effusion due 
to lung cancer, but in other circumstances 
it has little to offer. Not all lung cancer 
cases respond to mustard therapy, and 
response, when it occurs, is generally short. 
lived according to Hall e? 4/5 and many 
other writers. Aronovitch e/ al.* were unable 
to demonstrate a statistically significant 
effect on survival or morbidity as a result 
of an acute course of nitrogen mustard, al- 
though they were able to observe signifi- 
cant numbers of regressions in roentgeno- 
graphic lesions at the expense of consider- 
able drug toxicity. Goldman? obtained 
good palliation with high dose mustine 
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therapy, but his series carried a sizable 
mortality rate and he made no claims for 
increased survival. Wolf e£ a/.,% by means of 
a controlled randomized clinical trial, dem- 
onstrated that nitrogen mustard alone 
(compared with placebo) was able to bring 
about slight prolongation of life, but the 
advantage of this treatment was discerni- 
ble statistically only at 1 month post 
therapy and was no longer evident at 3 
months. 

Combinations of radiation therapy and 
acute courses of nitrogen mustard have 
been disappointing.?*?? [t has not been pos- 
sible to demonstrate that nitrogen mustard 
given around about the same time as ir- 
radiation adds anything to survival. There 
is no evidence to suggest that nitrogen 
mustard is a chemical radiosensitizer and, 
whilst its effects may be additive to those of 
radiation therapy, true synergism has not 
been demonstrated. Krant eż 2/.* concluded 
from their study that survival times were 
independent of the form of treatment and 
were determined solely by natural selec- 
tion. Alexander ef a/.' found that combina- 
tion therapy (radiotherapy plus nitrogen 
mustard, and radiotherapy plus nitrogen 
mustard plus actinomycin D) actually de- 
creased the median survival time as com- 
pared with radiotherapy alone, although 
they observed good immediate palliation 
by such combined methods of treatment. 
Gollin e al.” have indicated that 5-fluorou- 
racil given as an acute course of treatment 
together with high dosage localized radio- 
therapy, although associated with a high 
toxicity and mortality, can prolorig life, at 
least for some patients. This conclusion is 
largely dictated by the fact that 4 of 13 
patients in their 5-FU plus radiation group 
survived for over 3 years. The implication 
from this study is that these 4 long term 
survivors were either biologically predeter- 
mined to be favorable cases, or that an 
acute course of s-fluorouracil is capable of 
dealing effectively with subclinical metas- 
tases at distant sites. The former explana- 
tion seems more likely, in which case the 
5-FU may have succeeded in augmenting 
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the local effect of radiotherapy. In the 
series reported herein, when patients who 
died of the effects of the intrathoracic neo- 
plasm are excluded from the analysis, the 
results are still in favor of the chlorambucil 
group (mean survival—P <.05, median sur- 
vival - P «.025). This would seem to indi- 
cate a real effect on subclinical distant 
metastatic disease. In studies of this type it 
Is of great importance to record whether or 
not distant metastases are present at the 
time of death, particularly in the patients 
who survive more than 1 year, in order that 
a better understanding of the mechanism 
of action of the drug under test can be ob- 
tained. 

Although nitrogen mustard and other 
drugs, on the whole, have poor efficiency as 
cancericidal agents, their ability to attack 
effectively small tumor foci and circulating 
malignant cells has been shown experimen- 
tally.: The value of chemotherapy may 
be lessened by the fact that it is usually 
given over a time period which is brief in 
relation to the over-all period of evolution 
of the disease. 

Karnofsky ef 24/! have emphasized the 
obvious fact that (lung) cancer must be 
viewed as a continuous advancing process 
with an orderly and logical pattern of evo- 
lution, and not as an intermittent serles of 
acute crises which either result from exa- 
cerbations of symptoms or are created by 
dramatic forms of treatment. Concepts of 
the therapy of malignant disease have in- 
corporated little that is consistent with the 
dynamic nature of the cancer process. 
Therapy is given, isolated in time, to meet 
the needs of the moment, but takes little 
account of the underlying continuum of 
the neoplastic process. It might appear 
logical, therefore, to give regular therapy 
(with an alkylating agent, for instance) to 
lung cancer patients from the outset (in 
addition to adequate local radiation ther- 
apy) in an effort to suppress or hold in 
check subclinical metastatic disease. It is 
suggested that, by this approach, 1t may be 
possible to extend the useful life of the pa- 
tient and delay somewhat the ultimate ap- 
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pearance of the symptoms that herald the 
“beginning of the end.” The data presented 
in this paper would suggest that prolonged 
“suppressive” therapy with carcinostatic 
agents deserves further investigation. 


THE TREND TOWARD PROTRACTION IN 
CANCER CHEMOTHERAPY 


Time-dose factors in cancer chemo- 
therapy have not so far received enough 
attention, but reports appear from time to 
time suggesting that time-dose factors in- 
deed have a great deal of relevance to clini- 
cal problems. Conclusive data regarding the 
superiority of one dose régimen over 
another in humans is difficult to obtain, but 
some fairly extensive work on the impor- 
tance of time-dose factors in the control of 
experimental animal leukemias has been 
reported by Skipper e£ 4/.,5 Lane,” Goldin 
et al.,? and others. Sullivan and Watkins? 
have studied, in patients, variations in 
toxicity and therapeutic effectiveness of 
different antimetabolites as, related to 
time-dose factors. This work has been con- 
cerned mainly with short term continuous 
and intermittent administration of drugs 
by the intravenous or intra-arterial route. 
Liguori e£ 47.5 have studied tissue, serum 
and urine levels of methotrexate in humans 
after different dose schedules. Most of this 
work has been aimed at obtaining optimum 
conditions for tumor regression, but there 
has been little scientific work based on the 
philosophy of tumor suppression. 

On a more or less empirical basis, clinical 
cancer chemotherapy has for many years 
shown a trend toward protraction. The 
administration of various hormones in the 
treatment of breast, prostate, thyroid and 
certain other neoplasms are practical exam- 
ples where the concept of maintenance ther- 
apy has gained widespread acceptance. In 
these situations a good response may con- 
sist of actual regression of visible, palpable 
or roentgenologic lesions. Relapse, how- 
ever, is likely to occur when the hormones 
are withdrawn and, in any event, such re- 
lapse occurs ultimately in spite of contin- 
ued therapy. It is difficult to be certain 
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whether or not responses short of actual re- 
gression are real, but clinical impressions of 
subjective improvement and apparent slow- 
ing or stasis in the neoplastic process suggest 
that partial responses do, in fact, occur. It 
is indeed likely that a whole spectrum of 
response exists, ranging all the way from 
complete objective regression to just dis- 
cernible subjective improvement. The ne- 
cessity for giving hormone therapy contin- 
uously over many months argues for the 
existence of an underlying “suppressive” 
mechanism. 

In the treatment of acute leukemia, 
maintenance therapy with an antimetabo- 
lite is frequently prescribed after a remis- 
gion has been induced, in the belief that the 
remission may, by this means, be sustained 
for a prolonged period. In the treatment of 
polycythemia rubra vera and the chronic 
leukemias, Osgood*^* has used “regularly 
spaced titrated” treatment with total body 
radiation or P* in a regimen designed to 
hold the disease at a subclinical level 
throughout most of its course. By judi- 
cious, regular treatment, relapses can be 
anticipated and avoided and thereby the 
need for intermittent dramatic episodes of 
treatment is minimized. 

In regard to “solid” tumors, favorable 
reports have appeared describing the use of 
cyclophosphamide as maintenance therapy 
in the treatment of various neoplasms,’ 
and in certain children with neuroblas- 
toma." Intermittent courses of actinomy- 
cin D have been used with apparent success 
for the long time control of Wilms’ tumor.?? 
The use of intermittent intensive courses of 
therapy or daily maintenance therapy with 
methotrexate and other drugs in choriocar- 
cinoma in women* has caused much inter- 
est. A low dosage maintenance plan for the 
use of 5-fluorouracil in the treatment of vari- 
ous advanced neoplasms has been described 
by Cudmore and Groesbeck," and the po- 
tential value of this type of treatment in 
lung cancer has been indicated by Helsper 
and Sharp.” It has been emphasized that, 
with these methods, results can often be 
achieved without extending the treatment 
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to toxicity.!^?^?7 Thus, the philosophy of 
protracted, subtoxic treatment with anti- 
neoplastic agents, in keeping with the 
chronic nature of the cancer process, 1s 
gaining some support for the management 
of leukemias, lymphomas and many "solid" 
tumors. It may be that the more universal 
application of these methods can bring 
about some over-all improvement in the 
clinical cancer picture, but the degree of 
benefit achievable will be hard to measure 
where the natural history of the disease is 
long. 

Bronchogenic carcinoma, because it is a 
disease of rapid evolution and widespread 
metastasis, provides a good test system for 
the concept of suppressive chemotherapy. 
Denk and Karrer,“5 using prolonged 
treatment with cyclophosphamide as surgi- 
cal adjuvant therapy in bronchogenic car- 
cinoma, claimed very marked improvement 
in survival, although their work is not fully 
controlled. Similar results have also been 
reported by other European workers.*7 
Ross 5*5 who has given maintenance ther- 
apy with cyclophosphamide after palliative 
radiation therapy in a controlled prospec- 
tive study, has not noted any improvement 
in survival from this form of treatment. No 
doubt further trials are justifiable, and the 
possibilities of combinations of drugs in 
subtoxic dosages need to be explored. 


SUMMARY 


“Suppressive” chemotherapy with chlor- 
ambucil (as defined at the beginning of this 
paper) was used in a prospective random- 
ized clinical trial in certain cases of bron- 
chogenic carcinoma. Five hypotheses were 
originally made regarding the potentialities 
of suppressive chemotherapy. Data were 
collected in an effort to test these hypothe- 
ses specifically. 

The results show that under the condi- 
tions of the study, suppressive chemo- 
therapy for bronchogenic carcinoma: 


(1) Increased the mean survival time by 
approximately 80 days (P= «.025) and 
increased the median survival time by ap- 
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proximately 7o days (P= «.oor). (Hy- 
pothesis 1-substantiated); 

(2) Did not affect the quality of survival. 
General levels of performance ability, 
symptomatic morbidity, etc., were similar 
in chlorambucil and placebo (control) pa- 
tients. (Hypothesis 2—not substantiated); 

(3) Did not alter the pattern of the evo- 
lution of the disease nor the incidence or 
type of metastases. (Hypothesis 3—not 
substantiated) ; 

(4) Seemed to affect survival mainly for 
patients with undifferentiated and oat cell 
carcinomas (P =.0379). The effect on survi- 
val for patients with squamous cell car- 
cinomas is unproven (P=.162). (Hypothe- 
sis 4—substantiated but further data re- 
quired); 

(5) Was free from risks, side effects and 
significant clinical toxicity. (Hypothesis 
s—substantiated). 

The philosophy of the clinical manage- 
ment.of bronchogenic carcinoma was dis- 
cussed in relation to this study. The impor- 
tance of a realistic assessment of the sig- 
nificance of results was stressed. It is not 
claimed that chlorambucil has specificity 
in bronchogenic carcinoma; however, as a 
representative of the oral alkylating agents, 
it is simple to administer and dosage is easy 
to regulate. As used in this study, it ap- 
peared to increase the life span of broncho- 
genic carcinoma patients by a factor of 
about 1.5 (measured from the time of first 
therapy). 

The validity of the concept of “‘suppres- 
sive’ chemotherapy has been substantiated, 
and it is believed that treatment of this 
type could be extended and exploited per- 
haps by using other drugs or combinations 
of drugs. The implications arising from 
“suppressive” chemotherapy are discussed. 

It is suggested that a trial similar to that 
described in this article be undertaken by 
other workers to see if the results are repro- 
ducible. It will be important in future trials 
to commence suppressive chemotherapy 
earlier (j.e., soon after the diagnosis) and 
continue it longer than was done in this 
particular study. It will also be of interest 
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and importance to specify whether patients 
in treated and control groups die of local or 
distant disease. 


H. Horwitz, M.D. 
Radioisotope Laboratory 
Cincinnati General Hospital 
Cincinnati, Ohio 
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RADIOTHERAPEUTIC PROBLEMS BEST HANDLED 
WITH SPLIT-DOSE THERAPY 


By PAUL W. SCANLON, M.D., Section of Therapeutic Radiology, Mayo Clinic and Mayo Foundation 
ROCHESTER, MINNESOTA 


e i E radiotherapy, in the au- 
thor’s opinion, is capable of signifi- 
cantly improving the 5 year survival rates 
for patients with radio-amenable malig- 
nant neoplasms. The results in the first 50 
cases of head and neck cancer treated with 
splitdose approach have already been 
published. The results in an additional 
series of 143 patients with nasopharnygeal 
malignancy, 21 of whom were treated by 
splitdose methods with a more than 
doubling of the 5 year survival rate, will 
be published soon. Even if one is willing 
to defer the question of an increase in 
radiotherapeutic efficiency with this 
method for several more years, it can safely 
be said now, after an experience of more 
than 7 years with more than 1,200 patients, 
that split-dose therapy certainly does 
nothing to detract from the results obtained 
with conventional radiotherapeutic meth- 
ods. 

There remains another facet to the use 
of split-dose therapy, however, which I 
consider to be just as important as and 
perhaps more important than whatever in- 
crease in radiobiologic effectiveness may 
subsequently be shown. This is the greatly 
reduced radiation morbidity possible with 
this type of therapy. However creditable 
the desire of modern radiotherapists to 
improve results through more intensive 
therapy, we are left with the inescapable 
fact that such therapy by its very nature 
increases radiation morbidity appreciably. 
Many therapists would answer with the 
assertion that when a life is at stake, the 
risk of any correctable and many times non- 
correctable radiation sequelae is an ac- 
ceptable one. However, when an alterna- 
tive method is available, a method that is 
much gentler and more easily applied, par- 
ticularly in the aged and infirm, then 


familiarity with it will open doors in the 
problem case which might otherwise re- 
main closed. 

The purpose of this paper is to report on 
certain problem cases encountered in the 
past several years in which access to the 
gentler split-dose approach to radiotherapy 
has meant the difference between an at- 
tempt at therapy and rejection of the pa- 
tient because of the unsuitable risk. 


PROBLEM OF THE AGED AND INFIRM 


In the past I have had the uncomfortable 
feeling that high-dose, intensive curative or 
palliative radiotherapy in the aged and 
infirm often did more harm than good. 
Realizing that high-dose therapy was essen- 
tial if cure or long-term control was to be 
gained, and lacking the prescience to know 
which of the poor-risk patients were being 
taxed beyond their reserves, I have found 
it a boon, indeed, to be able to fall back on 
split-dose methods. The rest period of 3 to 
4 weeks between halves of a divided-dose 
series affords an invaluable interval in 
which to appraise the progress of the pa- 
tient, stopping treatment if the general 
condition of the problem case has slipped 
(which happens remarkably seldom) or 
continuing the second half of therapy with 
the patient usually in much better shape 
after cessation of sepsis, necrosis, tumor 
shrinkage and so forth brought about by 
the first half of therapy. 


CASE 1. A woman, aged 87 years, had a Grade 
4 squamous cell carcinoma, 2.5 cm. in diameter, 
of the urethral meatus which was found on 
cystoscopic examination to extend the entire 
length of the urethra and to involve the entire 
vesical neck and left lateral wall of the bladder. 
She had considerable pain but was so weak, 
frail and infirm that she had to be lifted from 
the stretcher to the treatment couch. 
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Radiotherapy data were*: 8[1 month]8 
= 5,600 r administered to a single anterior 
portal 13 by 13 cm. with 6 mev. linear accelera- 
tor therapy at a skin-target distance (STD) of 
100 cm. Estimated tumor dose (TD) was 5,000 
r at 6 cm. at the vesical neck and 5,750 r at 3 
cm. at the urethral meatus. The patient com- 
pleted therapy with few unpleasant sequelae. 

Follow-up after 6 months showed a small 
residual involvement of the anterior vaginal 
wall. Although she was just beginning to have 
pain again, she had had 6 months of worthwhile 
palliation. 


This case is presented as a demonstration 
that intensive high-dose curative radio- 
therapy can be administered with consider- 
ably reduced radiation morbidity even to 
the very aged and extremely infirm patient. 


PROBLEM OF THE VERY YOUNG 


At the other extreme of age are the very 
young in whom the rigors of high-dose 
radiotherapy can often result in particular 
unpleasantness when one fails to gain the 
complete cooperation of the frightened 
youngster. 

Case u. A girl, aged 7 years, had a right 
subglottic embryonal rhabdomyosarcoma. 

Radiotherapy data were: rofr8 days]1¢ 
=6,450 r TD. A single right lateral 6.5 by 7 
cm. portal was treated with Co® at a ṣo cm. 
skin-source distance (SSD) and a dose of 280 
r/day. 

Follow-up found the patient alive and well 
with no evidence of residual malignancy 5 years 
and 1 month after therapy. 


This child suffered little or no discom- 
fort during either of her split-dose series, 
had a mild to moderate sore throat the 
first § to 6 days after completing her initial 
series, and did not particularly associate 
the discomfort with her radiotherapy. She 
proved to be a model of cooperation. 


PROBLEM OF POOR RISK DUE TO 
MEDICAL COMPLICATION 


Case III. A man, aged 74 years, underwent 
tonsillectomy with removal of a Grade 3 


* The formula 8[1 month]8— 5,600 r, used for brevity, signifies 
that a total of 5,600 r was given in 2 sequences of 8 treatments 
each, separated by a rest period of 1 month. 
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squamous cell carcinoma. Five days later he 
was subjected to radical dissection of the right 
side of neck with removal of a metastatic Grade 
4 squamous cell carcinoma, measuring 3 by 2.5 
by 2.5 cm., from the upper deep jugular region. 
On the first postoperative day, he sustained a 
right-sided cerebral infarction with paralysis of 
the left side of the face, left arm and left leg 
with complete urinary retention. 

Radiotherapy was refused this patient at 
first because of his extremely grave medical 
condition. The surgeon, however, urged that 
treatment be attempted because of the high 
probability of residual malignancy. It was de- 
cided to give at least the first. half of a divided- 
dose course and observe the patient over a 3 
week rest interval. He recovered from cerebral 
infarction during the rest interval and the sec- 
ond series was completed without untoward 
sequelae, Treatment data were: 11[17 days]13 
= £,048 r TD, 6,390 r being given to a 13 by 15 
cm. single portal on the involved side with Co™ 
at an 80 cm, SSD. 

Follow-up found the patient alive and well 
without evidence of residual malignancy 3 
years later. 


Again, it is quite unlikely that this pa- 
tient, in an extremely precarious condition 
from cerebral infarction, would have sur- 
vived the rigors of conventional radio- 
therapy pressed to this dose level. In all 
probability, the therapy would have been 
terminated short of curative levels. 


PROBLEM OF UNDUE DELAY OF RADIO- 
THERAPY BECAUSE OF MEDICAL 
COMPLICATIONS 


Case Iv. A man, aged 74 years, had an in- 
filtrating transitional cell epithelioma, Grade 4, 
which penetrated into muscle and involved the 
left posterior half of the bladder including the 
left ureteral orifice with extension onto the 
left lateral wall and vesical neck. There was 
extravesical induration extending midway to 
the left lateral pelvic wall. 

Radiotherapy data were: 12[2 months]13 
= 5,000 r TD or a 200 r TD/day; one anterior 
and two posterior oblique portals, 11 by 11 cm., 
were treated in daily succession. It had been 
planned to start the second series of treatments 
3 weeks after completion of the first, but in the 
rest interval he developed severe urinary sepsis 
requiring hospitalization in his home com- 
munity. When he was sufficiently recovered at 
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the end of 2 months, he returned and completed 

his second series without further trouble. 
Follow-up cystoscopic examination 5 months 

later showed no evidence of residual neoplasm. 


All too often the radiotherapist, when 
forced to interrupt a planned course of 
radiotherapy because of life-endangering 
medical complications, is tempted to aban- 
don any further efforts at radiotherapy, 
feeling that perhaps the radiobiologic effect 
of the initial therapy will have been dis- 
sipated by the time therapy is resumed. I 
believe that the tumor-suppressing effect of 
doses in the region of 2,500 to 3,000 r will 
persist for 2 to 4 months and often longer, 
depending on the type of tumor under con- 
sideration. These patients should, therefore, 
not be abandoned as having a hopeless 
condition; many times, therapy can be re- 
started and carried to a successful conclu- 
sion even after an unplanned interruption 
of months. 


PROBLEM OF IMPENDING NECROSIS 


CASE v. A 54 year old man had an infected 
low-grade epithelioma of the left ala of the nose 
(illustrated in a previous publication).! Con- 
ventional continuous radiotherapy was under- 
taken but midway through it, after an air dose 
of 2,800 r had been given, the entire bulbous ala 
turned a necrotic appearing black and it was 
feared that the entire nose might be sloughed. 
Treatment was suspended and the patient sent 
home for 5 weeks. When he returned he had a 
fairly normal-looking nose and complete dis- 
appearance of all visible evidence of malig- 
nancy. Therapy was resumed and continued to 
a total of 4,900 r. The patient remained without 
evidence of disease 2 years later. 


Even more germane than the problem of 
impending necrosis of cutaneous epithelio- 
mas is the hazard of premature breakdown 
of a semifluctuant, partially necrotic, 
metastatic cervical mass. In my experience, 
once ulceration and subsequent infection of 
a partially necrotic malignant mass are 
effected by too vigorous radiotherapy, 
eradication by any amount of subsequent 
radiotherapy is next to impossible. There- 
fore, in the face of too rapid tumor necrosis 
and impending breakdown and ulceration, 
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and this is particularly true of large, semi- 
necrotic, inflammatory, exquisitely tender, 
pelvic masses with the threat of fistula for- 
mation or peritonitis or both, it would seem 
discrete to suspend therapy midway along 
and allow suitable time for tumor resolu- 
tion and consolidation before initiating the 
second half of therapy. Occasionally, a 
catastrophic outcome will be thereby 
avoided. 


PROBLEM OF RADIORESISTANT SOFT- 
TISSUE AND BONE SARCOMA 


Usually these lesions are faced with con- 
siderable temerity by the radiotherapist, 
often with a sense of complete futility. 
Only occasionally is he called on to treat a 
truly localized bone or soft-tissue sarcoma, 
obviously because of the established supe- 
riority of surgical treatment. Then, faced 
with the very high probability of blood- 
borne dissemination which will completely 
negate his efforts, he must decide between 
heroic dose levels, which he knows almost 
assuredly will result in excessive radiation 
damage, and lesser palliative doses, which 
he euphemistically calls '"'pain-relieving" 
doses and knows will almost certainly fail 
to control the tumor. Such pessimism, how- 
ever, regarding the effectiveness of radio- 
therapy for these localized sarcomas may 
not be entirely warranted. 

Table 1 shows the results in 76 patients 
with bone and soft-tissue sarcomas (ex- 
cluding Ewing’s sarcoma, reticulum cell 
sarcoma and comparable radiosensitive 
tumors) treated between 1955 and 1960. 
Groups 1 and 2 comprise 36 patients with 
known metastatic spread at the time of 
initial radiotherapy. The results were 
dismally poor, as might be expected with 
disseminated disease. Group 3 consists of 
Ig patients treated with a combination of 
radiation and radical or resective surgery 
in which the contribution of radiotherapy 
was extremely difficult to assess. Group 4, 
however, consists of 21 patients with 
localized malignant disease treated inten- 
sively, with hope of cure or long-term con- 
trol. Seven of the 21 (33 per cent) survived 
for 5 years, a result much more in accord 
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TABLE I 


BONE AND SOFT-TISSUE SARCOMA 











Group 1, known metastatic spread, «2,000 r 


Relief of pain for more than 1 year (low-grade chondrosarcoma) 


No palliation or prolongation of life 


Group 2, known metastatic spread, 2,000~3,500 r 


Survival more than 2 years with palliation (1 case of paraspinal leiomyosarcoma, 1 


case of abdominal wall synovioma) 
No palliation 


Group 3, combined operation and irradiation 


No. of Cases 


23 


I3 





19 


Five year survival (attributable to operation rather than to irradiation—contribu- 


tion of radiotherapy [?]) 


Group 4, localized disease, radiotherapy alone 


21 


Five year survival (1 case of osteogenic sarcoma, 2 of chondrosarcoma, 1 of rhabdo- 
myosarcoma, 1I of liposarcoma, 1 of neurofibrosarcoma, and 1 of synovioma) 7 


Split-dose or repetitive therapy 
Conventional continuous therapy 


Total 


with those obtained with the more radio- 
amenable malignant tumors of the head 
and neck than with the much more pes- 
simistically regarded radioresistant sar- 
comas. 

Of the 3 patients presented below, the 
first had a planned split-dose approach, the 
second an unplanned broken-dose regimen, 
and the third was treated by the old long- 
since-discarded intermittent erythema dose 
technique. 


Case vi. A woman, aged 69 years, underwent 
partial excision of a Grade 2 fibrosarcoma from 
the thigh. Extensive tumor tissue was left, how- 
ever, studding the femoral artery along its 
entire course from knee to hip. 

Radiotherapy data were: 12/6 weeks]12 
= 7,200 r administered with Co* affording a 
tumor dose of 5,750 r at a depth of 4 cm., 300 
r per day being given to a single anterior portal 
covering the anterior aspect of the thigh. 

The patient did quite well for 7 years and 
then returned with a recurrent lesion, 4 by 4 
cm., in the anterior part of the right thigh. 

Radiotherapy consisted of 2,660 r (air) or 
3,225 r (skin) given as orthovolt therapy, 200 
r/day being given to a 6 by 6 cm. portal with 
250 kilovolt peak (KVP), a £o cm. STD and a 


[0m 


half-value layer (HVL) of 1.8 mm. Cu. Some 
superficial necrosis resulted. 

The patient was alive without evidence of 
tumor but with some superficial necrosis 74 
years after start of therapy. 


Case vit. A man, aged 64 years, had a Grade 
4 fibroblastic osteogenic sarcoma that produced 
an 8 by 9 cm. osteolytic defect in the left wing 
of the ilium. A palliative "'pain-relieving" 
technique of radiotherapy was decided upon. 
This consisted of 700 r in two increments of 
350 r each given to three left pelvic portals: an 
anterior and a posterior portal each measuring 
20 by 20 cm. and a lateral portal measuring 
I2 by 20 cm., at 250 KVP, a ṣo cm. STD, and a 
HVL of 1.3 mm. Cu. Estimated tumor dose was 
1,100 r/6 days. 

A palliative “pain-relieving” second series of 
treatments was given 24 months later, because 
there had been some relief of pain. This con- 
sisted of 500 r (air) in single increments given 
to anterior, lateral and posterior pelvic portals, 
measuring 10 by 15 cm., with the same tech- 
nical factors as before. The estimated tumor 
dose was 860 r/ 3 days. 

The patient was seen 24 months later by a 
somewhat more aggressive therapist who de- 
cided to retreat. This time Co® was adminis- 
tered, 2,400 r being given to opposing anterior 
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and posterior 14 by 18 cm. pelvic portals, 400 
r/day to each portal in rotation. The estimated 
tumor dose was 2,650 r/12 days. 

Two months later Co® therapy was given 
again, 2,400 r being administered to opposing 12 
by 14 cm. anterior and posterior pelvic portals, 
200 r/day to two portals, for an estimated 
tumor dose of 2,550 r/12 days. 

Summated dosage data were: 6[23 months] 
3[24 months]i2[2 months]12=total TD of 
7,160 r. 

The patient was alive and well without ap- 
parent activity of the disease 7 years later. 


Case virt. A girl, aged 9 years, had an oste- 
ogenic sarcoma of the upper part of the shaft 
of the right humerus. 

Radiotherapy was given in 1924 with inter- 
mediate volt therapy, 135 KVP, a 40 cm. STD 
and a HVL of 0.3 mm. Cu. Single doses of 700 
r (air) were given in single increments to ante- 
rior, lateral and posterior portals covering the 
upper part of the humerus. The first series con- 
sisted of an estimated TD of 2,050 r/3 days at 
an estimated depth of 4 cm. The second series, 
given 1 month later, consisted of the same dos- 
age, as did also the third series, given 1 month 
later still. The fourth series, given 2 months 
later, consisted of 593 r/1 day at a depth of 4 
cm., a single dose of 525 r being given to a 
single anterior humeral portal with 200 KVP, a 
5o cm. STD and a HVL of 1.0 mm. Cu. 

Summated dosage data were: 3[1 month]3[1 
month]3[2 months]1 — total TD of 6,743 r. 

The patient was alive and well 38 years later. 


The results in these three radioresistant 
sarcomas, while not exactly typical of the 
usual results obtained with radiotherapy, 
do show that such lesions can in certain 
instances be eradicated or controlled for 
long periods with judiciously applied high- 
dose therapy. 

Split-dose therapy is an alternative to 
the supralethal dosage employed for radio- 
resistant soft-tissue and bone sarcomas. It 
is my personal conviction that the biologic 
effectiveness of such therapy is consider- 
ably greater than that of therapy by the 
conventional continuous method and that 
it affords an excellent means of patient 
selection. Many an unfortunate patient 
destined to succumb to blood dissemination 
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of his malignant disease can be discovered 
before the completion of such discontinuous 
therapy and spared the untoward effects of 
high-dose irradiation. 


PROBLEM OF UNCERTAINTY OF 
MULTICENTRIC SPREAD 


Probably one of the most frequent and 
vexing problems to face the radiotherapist 
is that of the patient who apparently has 
a localized primary or solitary metastatic 
lesion that would ordinarily be treated 
with high-dose methods yet who has vague 
unexplained symptoms elsewhere which 
may or may not be indicative of general- 
ized spread of his disease that would com- 
pletely negate the effect of intensive local 
therapy and which cannot be confirmed or 
excluded with routine diagnostic measures. 
This is particularly common with car- 
cinoma of the lung, in which the therapist 
is especially sensitized to the possibility 
and probability of generalized spread yet 
cannot demonstrate such spread at the 
time that he must decide on definitive 
treatment of the primary lesion. The fol- 
lowing patient with proven, apparently 
unicentric metastatic spread on one side of 
the pelvis yet with vague ill-defined pain 
originating on the opposite side is an ex- 
ample. 


Case 1x. A man, aged 66 years, had under- 
gone excision of a Grade 3 lipomyxosarcoma 
three times prior to forequarter amputation of 
the left arm and shoulder girdle. A year and a 
half later he presented with severe pain in the 
left hip and pelvis, Examination revealed an 
orange-sized metastatic mass lateral to the left 
lobe of the prostate. Rectal biopsy confirmed 
the diagnosis of Grade 3 lipomyxosarcoma. Al- 
though the right side of the pelvis was clear on 
examination, the presence of right-sided pain, 
even though mild, Jed to some hesitancy in initi- 
ating high-dose palliative therapy to the left 
side of the pelvis. Split-dose therapy, however, 
afforded a 30 day interval in which the problem 
of the right-sided pain could be further ap- 
praised. At the end of 30 days the pain on the 
right side had completely disappeared, there 
was excellent beginning resolution of the meta- 
static mass on the left side, and it was decided 
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to proceed with further therapy to the ap- 
parently unicentric metastatic mass. 

Radiotherapy data were: 11[30 days|16 
= 4,865 r TD. Opposing 14 by 15 cm. left pelvic 
portals were given 340 r/day in rotation with 
Co® at an 80 cm. SSD, or a daily TD of 180 r. 

One year later the patient was symptom- 
free with no evidence of pelvic neoplasm. 


The added time that one is allowed when 
using split-dose therapy affords an in- 
valuable opportunity for patient selection. 
In a series of almost 100 bronchogenic 
carcinoma cases treated with the split-dose 
method, the 1 year survival rate was neither 
better nor worse than that obtained with 
the conventional method. It was my im- 
pression that both methods failed not be- 
cause of inability to control the local prob- 
lem but because of the high incidence of dis- 
tant spread. However, a much less impor- 
tant secondary advantage, noted with the 
bronchogenic carcinomas treated with the 
split-dose method, is that 16 per cent of 
patients so treated were spared the second 
half of their high-dose program, either be- 
cause of recognizable metastatic lesions 
that had developed during the rest interval 
or because a precipitous decline in their 
general condition presaged a hopeless out- 
. come and the futility of further radio- 
therapy. I do not anticipate that split-dose 
methods or any other improvement over 
conventional methods will significantly 
improve the survival rates for patients 
whose malignant disease has a high pre- 
dilection for distant spread until some 
means is found for control of the systemic 
component of the disease. Until then, how- 
ever, the judicious use of interrupted ther- 
apy can eliminate many of the cases with 
systemic dissemination who could not pos- 
sibly benefit from completion of local high- 
dose programs. 


PROBLEM OF RADIOVULNERABLE ORGANS 
WHERE REDUCTION IN TREATMENT 
VOLUME IS HIGHLY DESIRABLE 


An additional highly desirable feature of 
the use of split-dose methods for broncho- 
genic carcinoma and other pulmonary 
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malignant tumors is the possibility it af- 
fords for reduction in treatment volume at 
the start of the second half of therapy. The 
previous publication! illustrated 2 such 
cases of bronchogenic carcinoma and 2 
similar cases of Hodgkin’s disease in which 
the size of the tumor had decreased appre- 
ciably in the rest interval between halves 
of a divided-dose series and in which a sig- 
nificant reduction in treatment volume was 
possible, thus avoiding the inevitable radia- 
tion pneumonitis or fibrosis or both, which 
follow high dosage to large volumes over 
the lungs. Theoretically, the same advan- 
tage should accrue in split-dose treatment 
of large volumes over the upper part of the 
abdomen with the ever present danger of 
radiation nephritis. In actual practice, 
however, the reduction in tumor size or 
mass during the rest interval is nowhere 
nearly as sharply delineated in the upper 
part of the abdomen on physical examina- 
tion as it is in the chest seen on roentgen 
examination. Here, a reduction in treat- 
ment volume is a possibility in the great 
majority of cases. 


PROBLEM OF HOPELESS CASE IN WHICH 
ANYTHING SHORT OF INTENSIVE 
RADIOTHERAPY IS COMPLETELY 

FUTILE 


Another of the most vexing of radiothera- 
peutic problems is the apparently localized 
but probably hopeless internal, particularly 
gastrointestinal, malignant tumor wherein 
the patient’s general condition does not 
permit intensive radiotherapy. The follow- 
ing are examples of carcinoma of the esoph- 
agus and the stomach, both recurrent after 
operation, and of primary islet cell car- 
cinoma of the pancreas which many ther- 
apists would reject as unsuitable for radio- 
therapy or, if accepted, they would limit to 
the moderate or limited-dose range of 
therapy, which would almost certainly 
prove inadequate. In each case high-dose 
curative or palliative therapeutic dose 
levels were attained with, minimal radiation 
morbidity and significant peace was 
afforded. 
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Case x. A man, aged 77 years, with car- 
cinoma of the middle third of the esophagus 
underwent transthoracic resection of the esoph- 
agus and a portion of the stomach with end-to- 
end esophagogastrostomy. The primary lesion, 
an epithelioma measuring 5 by 3.5 by 3 cm, 
extended through the muscular wall; one para- 
esophageal lymph node was found to be meta- 

statically involved. 

Six months later a large retrocardiac recur- 
rent lesion was found displacing the transposed 
stomach anteriorly and there was a malignant 
mass measuring § by 7 by 5 cm. in the surgical 
incision on the posterior chest wall. Biopsy of 
the mass disclosed Grade 4 squamous cell epi- 
thelioma. 

Radiotherapy data were: 14[22 daya 
= 5,000 r TD, 190 r TD/day being given with 
-6 mev. linear accelerator therapy through two 
opposing 11 by 29 cm. portals obliqued so as to 
cover the off-center cutaneous metastatic 
~ lesions on the posterior chest wall. 

Six months later the cutaneous recurrent 

lesion on the chest wall had completely re- 
gressed but a persistent ulceration was left with 
continuing drainage. An additional 1,600 r 
(400X 4) was given to the cutaneous ulcer with 
tangential Co*? therapy. 
. The patient was alive and swallowing well, 1 
year later although use of an analgesic (empirin 
compound with codeine phosphate No. 3) was 
found necessary to control pain. 


Case xi. A man, aged 37 years, underwent 
subtotal gastric resection for an extensive 
Grade 4 adenocarcinoma of the upper two- 
thirds of the stomach with involvement of the 
esophagogastric junction and multiple regional 
lymph nodes. Four months later a gastrointes- 
tinal roentgen examination demonstrated an 
extensive polypoid carcinoma at and below the 
esophagogastric anastomosis. 

Radiotherapy (first series) consisted of a 
tumor dose of 2,346 r given in 18 days, 2,500 r 
being given to anterior and posterior 15 by 15 
cm. gastric portals with Co® at a-s0 cm. SSD. 

Four and one-half months later there were 
recurrent symptoms of obstruction and a repeat 
gastrointestinal roentgen study revealed some 
increase in size of the large polypoid carcinoma 
with a possible gastrocolic fistula. 

The second series consisted of an additional 
tumor dose of 1,794 r/13 days given with the 
same technique for a total of 4,340 r in 49 
months. 
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. The patient was alive and well 5 years later 
and roentgenograms of the stomach showed no 
evidence of residual gastric malignancy. 


CASE XII. A man, aged 30 years, underwent 
abdominal exploration because of recurrent at- 
tacks of hypog'ycemia. Operation revealed a 
functioning islet cell carcinoma, Grade 2, a 
huge multinodular tumor involving the body 
and head of the pancreas with metastasis to 
the region of the celiac axis, a 4 cm. metastatic 
mass in the adjacent right lobe of the liver, and 
a Io cm. mass in the left lobe of the liver. Re- 
section was not attempted. Át first, radiother- 
apy was not thought advisable but it was de- 
cided finally to try the then highly experi- 
mental split-dose method. 

Radiotherapy data were: 4l7 daysj6[15 
days]i2 3,650 r TD, 300 r/day being given 
to an anterior or a posterior 15 by 15 cm. portal 
with Co® at an 80 cm. SSD 

This produced a satisfactory remission of the 
patient's Hiypogiycemie attacks which, however, 
began to recur 2% years later. Re-exploration 
revealed the liver to be clear but there was a- 
persistent or recurrent nodular mass involving 
the head of the pancreas, with a metastatic 
node adjacent to it in the mesentery of the 
small bowel. 

Retreatment, advised for palliative purposes, 
was as follows: 4[7 days]5[18 days|12— 3,700 r 
TD, 300 r/day being given to an anterior or a 
posterior 17 by 18 cm. abdominal portal with 
Co® at an 80 cm, SSD. 

The patient was alive 44 years later (7 years 
after original radiotherapy) although minor 
hypoglycemic attacks were again starting which 
prompted a trial or treatment with prednisone. 


Probably no more hopeless problems can 
be envisioned than these three, yet in each 
instance high-dose palliative radiotherapy 
productive of worthwhile palliation was 
possible by split-dose methods with a min- 
imum of radiation morbidity. It would ap- 
pear highly likely that any compromise of 
dosage levels here would not have pro- 
duced anything like the degree of palliation 
obtained. 


PROBLEM OF LARGE-VOLUME REQUIRE- 
MENTS (TOTAL ABDOMINAL THERAPY) 


‘Perhaps one of the most physically tax- 
ing of all routine radiotherapeutic pro- 


646 


cedures is the treatment of the entire ab- 
domen, particularly common with post- 
operative carcinoma of the ovaries. Split- 
dose methods with a rest interval of 3 to 4 
weeks between halves of a series can 
materially lessen the severe radiation 
toxicity that all too often accompanies 
such large-volume therapy. 


Case xi. In a woman aged ṣo years, ab- 
dominal exploration revealed a Grade 4 adeno- 
carcinoma of one ovary with multiple omental 
and peritoneal implants. Total abdominal 
hysterectomy and partial omentectomy were 
performed with removal of some larger pelvic 
and omental implants. 

Postoperatively, 125 mc of Au! was instilled 
into the abdomen. Ten days later, split-dose 
Co® therapy to the entire abdomen was initi- 
ated. Treatment data were: I4[20 days]14 
= 2,900 r TD, two large anterior 14 by 20 cm. 
portals and two correspondingly opposed pos- 
terior abdominal portals being treated, with 300 
r to one field per day being given at an 80 cm. 
SSD. 

The patient was living and well 24 years 
after therapy except for mild hypertension 
(160/98 mm. Hg), Grade 1 albuminuria, Grade 
I to 2 pyuria, and microhematuria, which 
raised the question of possible mild radiation 
nephritis. 

The reduction in radiation morbidity 
following this and similar split-dose pro- 
grams has been sufficient to cause me to 
make this a standard approach in the treat- 
ment of carcinoma of the ovary. 


PROBLEM OF PREVIOUS 
HEAVY RADIOTHERAPY 


The impracticality and excessive risk of 
high-dose radiotherapy for recurrence fol- 
lowing a previous all-out attempt with 
curative doses is well established and it is 
seldom that such a second attempt is ever 
made by an experienced radiotherapist. 
Prior to the split-dose era, I had never suc- 
cessfully re-treated a previous heavily ir- 
radiated carcinoma of the head or neck or 
both. The following case illustrates one of 
the rare exceptions wherein the excessive 
risk of repeat therapy was avoided by the 
judicious use of split-dose therapy. 
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CasE x1v. A man, aged 62 years, underwent 
total laryngectomy for a Grade 4 squamous 
cell epithelioma measuring 2 by 1.5 by 1.5 cm. 
that involved the lower portion of the epiglottis 
and adjacent aryepiglottic fold. 

Postoperative orthovolt therapy was em- 
ployed, 5,300 r TD/24 days; 3,600 r (air) was 
given to opposing 7 by 7 cm. right and left 
lateral cervical portals with 250 KVP at a 5o 
cm. STD and a HVL of 1.3 mm. Cu. 

Á recurrent tumor noted in the left side of the 
neck 4 years later was removed by radical dis- 
section of the left side of the neck. A Grade 4 
squamous cell epithelioma, 2.5 cm. in diameter, 
was removed from the mid deep cervical region. 
The neoplasm was fixed to the common carotid 
and some tumor was left after resection. 

Figure 1 shows the appearance of this pa- 
tient's skin when he was again referred for con- 
sideration of postoperative radiotherapy. 

Radiotherapy data, second series, were: 
6[10 days]7[19 days]7;— 3,750 r TD, a single 
lateral 10 by 12 cm. portal being treated with 
Cof? at an 80 cm. SSD. 

The patient remained well without undue 
radiation sequelae or evidence of recurrent 
malignancy for another 44 years, when his 
death was reported to us. Unfortunately, we do 
not know whether he died of recurrent malig- 
nancy or intercurrent disease. 
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Fic, 1. Appearance of skin when patient was referred 
for postoperative radiotherapy. 
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While it is in no way implied that the 
use of split-dose radiotherapy will allow 
successful re-treatment of more than a 
very occasional patient with recurrent 
malignancy after prior radiotherapy, it 1s 
my conviction that when such is attempted 
on the rare occasion when the pressures are 


great, only split-dose methods should be 
used 


PROBLEM OF UNPROVEN RECURRENCE 


Occasionally, a malignant tumor recurs 
after a previous radical surgical extirpation 
in such a location and is of such anature 
that biopsy confirmation is not possible 
short of further radical surgical interven- 
tion or exhaustive and unrewarding elab- 
orate diagnostic procedures. While “a trial 
of radiation therapy” sounds like termin- 
ology of a bygone era, there is still the oc- 
casional case, such as the following, in 
which the radiotherapist is unwilling to 
commit the patient to intensive therapy in 
the face of so much uncertainty. With 
split-dose methods, however, the therapist 
can usually determine, after observation 
of the tumor response or palliative relief 
afforded by the first half of a divided-dose 
series, whether additional therapy, that 1s, 
the second half, is warranted. 


Case xv. In a woman, aged 34 years, a 
Grade 2 neurofibrosarcoma of the left sciatic 
nerve was excised as high as possible in the sci- 
atic notch. Eight months later she returned 
with pain in the hip and buttock so excruciat- 
ingly severe that there seemed no question of 
malignant recurrence. Chordotomy was offered 
but the patient refused. 

Radiotherapy, first series, consisted of 3,500 
r/1o days given to a 10 by 16 cm. left gluteal 
portal with Co® at a £o cm. SSD, an estimated 
TD of 2,415 r being attained at a depth of 6 cm. 

Some 3$ months later the patient returned 
for re-evaluation. She had had moderate relief 
of pain in the interim but she still had moderate 
discomfort. Further treatment with Co® was 
undertaken, 3,500 r/10 days being repeated to 
the same portal with Cof? at an 80 cm. SSD 
for an estimated TD of 2,590 r. The total TD 
was 5,000 r/5 months. 

The patient was alive and well 44 years je 
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In combatting cancer, one should not 
be content with even a good palliative re- 
sult from moderate-dose therapy if the 
localization and biologic characteristics of 
the neoplasm are such that one might con- 
ceivably hope for long-term control or 
even eradication. Rather than wait for the 
inevitable resurgence of malignant activity 
with renewed growth and neoplastic ag- 
gressiveness before resorting to a second 
palliative attempt with radiotherapy, it 
seems much more reasonable, if the toler- 
ance of the patient will permit, to give 
additional therapy while the neoplasm is 
still small, quiescent and inactive from the 
first series. In my experience, the biologic 
effectiveness of such additional therapy is 
considerably enhanced and the prospects 
for long-term control, provided dissemina- 
tion does not take place, is appreciably im- 
proved. 


PROBLEM CASES IN WHICH SEVERITY OF 
TREATMENT REACTIONS ORDINARILY 
MILITATE AGAINST VIGOROUS 
THERAPY 


Primary carcinoma of the prostate is 
seldom if ever regarded as amenable to 
radiotherapy. Not only are few such cases 
successfully treated and controlled but the 
severity of treatment reactions in this 
region is such as to discourage all but the 
most determined. I have gone through 
three eras in attempting to treat primary 
carcinoma of the prostate by irradiation. 
The first was with orthovolt therapy in the 
early 1950s when the treatment reactions 
were completely intolerable. The second 
was at the beginning of the cobalt era in 
the mid 1950s when the reactions were 
somewhat less but still sufficient to dis- 
courage our urologists from referring these 
patients. The third was in the late 1950s 
and early 1960s when the reduction in 
radiation morbidity afforded by split-dose 
methods was enough to allow accumulation 
of a sufficient number of such cases to at- 
tempt a cursory if somewhat premature ap- 
praisal of treatment. 

Table 11 shows the results obtained in the 
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TABLE II 


CARCINOMA OF THE PROSTATE 


No. of Cases 


Group 1, very extensive regional disease, frozen pelvis in some, local pain in prostate, 


rectum or perineum 
Died too soon for evaluation 
Living (6 had severe pain before treatment) 
Relief of pain: Complete 
Minimal 
None 
Objective regression: Complete 
Minimal 
None 


i2 


~J Ua 


€ RD Re fe 


Group 2, young men, early lesions (preferred not to jeopardize sexual potency by cas- 


tration, estrogen therapy or operation) 
Objective regression: Complete 
Moderate 


N Aa 


None (died in less than 1 year) I 


Group 3, miscellaneous 


Complete regression (castration and Co® therapy) 


Control of persistent bleeding 
Advanced local disease and obstruction 
Died in hospital 
Helped 


Total 


first 26 patients with primary carcinoma of 
the prostate treated by split-dose methods 
who were followed 1 to 4 years. These pa- 
tients were all treated by essentially the 
same method: a single perineal portal, us- 
ually measuring 8 by io cm. or larger, 
depending on the extent of the tumor, was 
used with the patient in the lithotomy posi- 
tion and in stirrups. Cobalt 60 therapy at 
an 80 cm. SSD was employed, 300 r/day 
being given for 10 days, for a total of 3,000 
r; then treatment was suspended for 3 
weeks. Except for mild to moderate diar- 
rhea usually lasting 4 to 5 days after this 
first series, there were few if any radiation 
sequelae and the patient returned at the 
end of 3 weeks to complete the second half 
of therapy given in the same manner in 
relative comfort. A total of 6,000 r was thus 
given in slightly more than 40 days, with 
an estimated tumor dose of approximately 
45500 r at 6 cm. 

Group 1 (Table 11) is comprised of 12 pa- 


Le 


26 


tients with extensive regional disease, often 
with solid infiltration from one lateral pel- 
vic wall to the other. Five patients died of 
advanced disease too soon for the results of 
such therapy to be evaluated. Of the re- 
maining 7, six had severe pain prior to 
treatment; of the 6, four had complete 
relief, one had minimal relief, and one had 
no relief, a seemingly worthwhile palliative 
result from a technique of therapy with a 
minimum of radiation sequelae. 

The much more interesting group, how- 
ever, Is Group 2 consisting of 7 young men 
with early lesions. These men preferred not 
to jeopardize their sexual potency by 
castration, estrogen treatment, or opera- 
tion, and radiotherapy was undertaken as 
a decidedly unproven alternative. Of this 
group, complete regression of all palpable 
prostatic abnormality was noted in 4, 
moderate regression in 2, and no regression 
in I. 

While these results are not going to 
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change the accepted treatment of primary 
carcinoma of the prostate, it is well to 
bear in mind that, faced with renewed ac- 
tivity of a regionally limited prostatic 
cancer after previous estrogen therapy and 
castration have started to fail, or with an 
occasional younger patient who rejects 
both castration and estrogen therapy, the 
therapist has an alternative method, that 
of split-dose radiotherapy, which he can 
fall back on with a minimum of radiation 
sequelae. 


PROBLEM OF CERVICAL CANCER 
COMPLICATED BY INADE- 
QUATE RADIUM THERAPY 


In an occasional patient with a malignant 
tumor of the cervix, it is Impossible, either 
because of previous surgical treatment or 
because of a bulky occluding intrauterine 
component of the tumor, to give the usual 
full complement of intrauterine and intra- 
vaginal radium. Occasionally, radium ther- 
apy is limited by necrosis, sepsis, urinary 
complications, fistulas or even a weakened 
debilitated condition of an elderly patient 
with cervical carcinoma in whom simple 
placement of intrauterine applicators is an 
overly taxing procedure. 


Case xvi. In a woman, aged 74 years, with a 
Stage Iv, Grade 3 squamous cell epithelioma of 
the cervix or vagina, or both, the entire upper 
two-thirds of the vagina was occluded by an 
exophytic malignant growth. The corpus was 
two times normal size; there was solid nodular 
infiltration of the right broad ligament and 
fixation to the right lateral pelvic wall, and 
there was cystoscopic evidence of involvement 
of the base of the bladder near the right ureteral 
orifice. 

Only limited radium therapy was possible; 
2,100 mg. hr. in 4 vaginal applications was 
given. Intrauterine use of radium was pre- 
cluded by the size and location of the tumor. 

Split-dose 6 mev. linear accelerator therapy 
was started concurrently with the radium. 
Treatment data were: 12[22 days]12=4,912 r 
TD, anterior and posterior 16 by 16 cm. portals 
being treated in rotation. I had intended origi- 
nally to try the intrauterine part of the radium 
therapy when she returned for her second course 
after the bulk of the cervical tumor had 
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shrunk. However, regression had been so com- 
plete 3 weeks after the first series that there was 
no longer any visible malignant growth of the 
upper cervical canal or portio vaginalis and 
further uterine radium therapy was deferred. 

Nine months after therapy a small umbilical 
nodule removed surgically proved to be meta- 
static Grade 4 squamous cell epithelioma. 

One year after therapy the patient was well 
and apparently in good health with no palpable 
evidence of pelvic malignancy. She did, how- 
ever, have a mild factitial proctitis. 


Case xvi. A woman, aged 52 years, had re- 
current carcinoma of the cervix with frozen 
pelvis. Ten months after radical hysterectomy 
and bilateral lymphadenectomy elsewhere, she 
was found to have recurrent malignancy at the 
vaginal vault with bilateral infiltration of the 
broad ligament out to the pelvic wall. Biopsy 
of the vault confirmed a diagnosis of Grade 3 
squamous cell epithelioma. Intravenous pyelo- 
grams revealed bilateral hydronephrosis with 
markedly impaired excretion on the left. The 
concentration of blood urea was 46 mg./100 ml. 
Abdominal exploration revealed metastatic 
tumor invading the anterior abdominal wall, 
terminal ileum, bladder and pelvic peritoneum 
bilaterally. An ileal pouch operation and bilat- 
eral ureteroileostomy were performed and the 
patient was referred for a trial of radiotherapy. 

Radiotherapy data were: 11[6 weeks|14 
= 5,000 r TD, given with 6 mev. linear accel- 
erator therapy at a 100 cm. STD, 275 r being 
given to opposing anterior and posterior 23 by 
18 cm. pelvic portals on alternate days. During 
the first series, limited radium therapy was 
given, 1,500 mg. hr. in three applications to the 
vaginal vault. 

One year later the pelvis was completely free 
of palpable tumor and the patient was appar- 
ently well and in good health except for occa- 
sional bleeding from factitial proctitis. 


Obviously, limited radium therapy 
severely handicaps the successful manage- 
ment of cervical carcinoma. Unfortunately, 
the very factors that limit radium therapy 
are many times also conducive to the cur- 
tailment of intensive high-dose external 
irradiation. Faced with the necessity of com- 
pensating for the limited radium contribu- 
tion, or troubled with a problem case in 
which there are impending obstructions of 
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the urinary tract and azotemia, pelvic sep- 
sis, impending breakdown of an inflam- 
matory or seminecrotic pelvic mass or 
possible fistula formation or both, and 
many other complications of cervical ma- 
lignancy, access to split-dose methods can 
mean the difference between successfully 
completing the necessary dose requirements 
and abandoning the patient before comple- 
tion of therapy because of the excessive 
risk involved. 


PROBLEM OF HEMATOPOIETIC DEPRESSION 
OR OTHER COMPLICATIONS OF 
CONCURRENT CHEMOTHERAPY 


With the ever increasing use of chemo- 
therapy in conjunction with radiotherapy, 
hematopoietic depression and other com- 
plications of chemotherapy are an ever 
growing problem for the radiotherapist, 
often necessitating unplanned interruptions 
in therapy. Until recent years, depression 
of the leukocyte count to less than 2,000 or 
1,g00/cu. mm. was checked daily with 
great care and apprehension. Occasionally, 
the counts would reflect recovery after 
only a few davs but more often than not a 
delay of 2 weeks or more occurred before 
the counts increased enough to make it 
seem safe to resume therapy. Now, how- 
ever, these patients are routinely sent home 
with instructions to return in 3 to 4 weeks 
to resume therapy. 


CASE XVII. A woman, aged 56 years, had a 
Grade 3 papillary adenocarcinoma, 15 cm. in 
diameter, of the left ovary with multiple meta- 
static implants in the omentum, entire abdom- 
inal peritoneum, tubes and right ovary with 
considerable bloody ascitic fluid. 

After a preliminary loading dose of cyclo- 
phosphamide (cytoxan; 4 doses of 400 mg. each 
given intravenously), total abdominal therapy 
with Co was started. Treatment data were: 
7[3 weeks]20= 3,100 r midabdominal TD, single 
large anterior and posterior 22 by 28 cm. portals 
being treated on alternate days with 150 r/day 
being given to each field in rotation. Therapy 
was interrupted on the eighth day of treatment 
because of a cyclophosphamide-induced leuko- 
penia (leukocyte count 1,400), The patient 
returned in 3 weeks with essentially normal 
counts and therapy was resumed and com- 
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pleted without untoward sequelae. Maintenance 
treatment with cyclophosphamide was resumed 
i month after completion of radiotherapy and 
was continued at so mg. orally per day. 

Two and one-half years later the patient was 
apparently well and in good health. 


With the chemotherapeutic regimens we 
employ, I have never seen a patient have 
serious trouble from temporary leukopenia 
during the rest interval while at home, nor 
have I seen"the leukocyte count fail to 
reach a satisfactory level by the time of the 
return visit, 3 to 4 weeks later. 


SUMMARY AND CONCLUSION 


A series of illustrative radiotherapeutic 
problem cases, mostly borderline ones, is 
presented. These were among many in 
which access to the much less traumatic 
split-dose approach to irradiation often 
meant the difference between an attempt 
at treatment and either rejection of the 
patient because of the excessive risk in- 
volved or lowering of the total dose levels 
to the point of futility. In addition to the 
improved therapeutic results that seem pos- 
sible with this method, the much kindlier, 
more gentle course experienced by the 
elderly debilitated patient in need of 
vigorous radiotherapy is indeed a strong 
argument in favor of this type of therapy. 
Furthermore, there is the large group of 
problem cases in which the radiotherapist, 
lacking the gift of prescience, cannot be 
entirely sure that his localized high-dose 
efforts will not produce more harm than 
good or will be completely negated by the 
presence of undetected generalized disease. 
Split-dose methods, with their possibilities 
for added time and in certain cases for 
strategic retrenchment, afford an excellent 
means of patient selection and treatment 
modification. 


Mayo Clinic 
Rochester, Minnesota 
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T role of oxygen as a factor in radio- 
sensitivity of biologic materials is gen- 
erally accepted. The application of this 
principle to clinical radiotherapy as sug- 
gested by Gray e a/.? has not yet proved to 
be a significant factor in the treatment of 
human malignancy. The earliest clinical 
trial was instituted by Churchill-Davidson, 
Sanger and Thomlinson‘ and preliminary 
results were reported in 1957. This study is 
still continuing, but the data obtained are 
difficult to interpret in terms of superiority 
of patients treated in hyperbaric oxygen 
over those treated under normal atmos- 
pheric conditions because of the unconven- 
tional fractionation techniques used and 
the lack of suitable controls (at least in the 
early phases of the study). 

Intense interest has been expressed in the 
application of hyperbaric oxygen in clinical 
radiotherapy and a number of institutions 
now have programs under way to study this 
problem. 8131518 The planned program for 
such a study at the Columbia-Presbyterian 
Medical Center has been previously pre- 
sented.* Since variations in technique, 
oxygen pressure and fractionation exist 
among the various programs which have 
been instituted and because of the great 
interest in this subject, it was felt that a 
report on what has been accomplished so 
far would be of help to others who may be 
embarking on similar programs. Of special 
interest is the degree of normal tissue reac- 
tions, the tolerance of patients to the pro- 
cedure and complications encountered. It is 
impossible at this stage to make any specu- 
lations concerning cure rates or tumor con- 


trol because of the relatively small number 
of cases in the randomized series and the 
short period of time which has elapsed since 
the study began. 


METHOD 


Because of the danger of oxygen toxicity 
resulting in convulsions in a high percent- 
age of patients breathing oxygen at 4 at- 
mospheres (absolute) or more,’ general 
anesthesia is required. Consequently, in 
order to make this a practical procedure at 
this pressure, modification of the conven- 
tional radiation fractionation schedule is 
necessary. This introduces another variable 
which must be evaluated. In preparation 
for this study, a large number of patients 
with various types of malignancy were 
treated under normal atmospheric condi- 
tions on a once-a-week schedule with radia- 
tion doses ranging from 1,600 r in two 
treatments to 4,000 r in four treatments. 
The preliminary results of the study have 
been reported.!? It was felt that a dose of 
3,250 r given in three fractions of 1,250 r, 
1,000 r and 1,000 r at weekly intervals pro- 
duced results comparable to 6,000 r in 6 
weeks with conventional fractionation, and 
complications were not significantly in- 
creased. 

A preliminary study using hyperbaric 
oxygen was also carried out for two pur- 
poses: (a) to gain familiarity with the 
technique, and (b) to ascertain the correct 
dosage level. Eighteen patients with vari- 
ous types of malignancy were treated with 
dosage levels varying from 2,000 r in 2 
weeks to 4,000 rin 4 weeks at weekly inter- 
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vals (Table 1). Despite theoretic considera- 
tions which suggested only a slight increase 
in normal tissue sensitivity at 4 atmo- 
spheres of oxygen, it was found that 
using the same levels of radiation dosage, 
i.e., 3,250 r in three treatments, resulted in 
a much greater degree of radiation damage 
than could be accepted. It was concluded 
that the corresponding radiation dose at 
oxygen pressures of 4 atmospheres (abso- 
lute) should be 2,200 r in two treatments 
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spaced a week apart. This produced a reac- 
tion in normal tissue similar to that seen in: 
control patients. The dose reduction factor 
of I.4-1.5 is consistent with the results in 
animal experiments and clinical experi- 
ence.?? 

When the randomized series was begun 
in October, 1960, it was decided to run an 
additional control group of patients treated 
with conventional fractionation, i.e., 5,000- 
6,000 r in 5-6 weeks with treatments three 


TaBLe I (a) 
PRELIMINARY TRIAL OF PATIENTS IRRADIATED IN 4 ATMOSPHERES OF OXYGEN 
Control of 
Diagnosis Dose Field Size Tamor Complications Remarks 
(mo.) 
1,5 ose ign baad base 2,500 r In IOXIO cm. IS Myclopathy s alveolar ridge Died of EY SOR at 15 months. 
acida 2 treatments necrosis (mild) Tumor in lymph nodes, only, at 
m tases autopsy 
2. Squamous cell epithelioma, base 3,250 r in IOXI12 cm, 9 Alveolar ridge necrosis, Died at 9 mon bebly of air- 
of tongue, teral cervical 3 treatments edema of hypopharynx and way obe Uap NE No clinical evi- 
metastases fibrosis dence of tumor 
3. Pies cell peut base a,soorin IOXIO cm, 7 Necrosis of epiglottis Diod of widespread metastases at 
bilateral cervical 2 treatments 7 months, site clear but 
metastases tumor in cervical lymph nodes at 
autopsy 
4. us cell epithelioma, base 2,000 r in IOXIO Cm. 42 Alveolar ridge necrosis Living at 48 months, Radical neck 
of tongue, aryepiglottic fold, 2 treatments dissection at x4 months and 
epiglottis laryngectomy at 20 months 
5. Squamous cell epithelioma, right 3,250 rin 6X8 cm. 3 None Died at ro months of recurrent 
tonsil, palate and oropharynx 3 treatments (partial) disease 
6, Squamous cell epithelioma, val- 4,000 rin 8X10 cm. 27 Necrosis of epiglottis, fibro- Died of hemorrhage from throat at 
lecula 4 treatments sis of pharynx and larynx 27 months. Clinically free of tumor 
7. Squamous cell thelioma, 3,250 rin 8X310 cm. II None Died of local recurrence at 15 
Saua unilateral cereal metas- 3 treatments months 
tases 
8. Recurrent squamous cell epi- 2,200 r in 6 cm. circular o None Died at 2 months with persistent 
thelioma, dicor of mouth, post- 2 treatments disease 
surgical 
9. Squamous œl epithelioma, 32,200 r in „6X15 cm. 11 . None Died at 7 weeks of metastases. 
mid esophagus 2 treatments (partial) Tumor in primary site at autopsy 
IO. cell  epithelioma, s,0oorin 8X5 cm. anterior 34 Myelopathy, necrosis of Died of myelopathy at 34 months, 
Ei ger dita 3 treatments 6X15 cm. oblique fibtosis of medi- No tumor present at autopsy 
astinum 
ir. Retinoblastoma, recurrent after 2,000 r in 3 cm. semi-circle o None Died at 6 months of metastases 
irradiation 2 treatments 
xz. Retinoblastoma, recurrent after 1,900 r in 2.5 cm. semi-circle o None Alive at 28 months after enucles- 
irradiation 2 treatments tion 
is. Retinoblastoma, recurrent after 32,000 r in 3 cm. semi-circle 9 | None pis at r4 months after enucles- 
irradiation _ 2 treatments (partial) 
14. Retinoblastoma, recurrent after 2,000 r in 3 cm. semi-circle IO None Not all of tumor was irradiated, 
irradiation 2 treatments 1 Patient terminal at 32 months 
is. Retinoblastoma, recurrent after 2,200 r in 2.53.75 cm. 5 None Alive at 22 months after enuclea- 
irradiation 2 treatments (partial) tion for recurrence 
16. Squamous cell epithelicma, cer- 3,000 rin ISKIS Cm. Jaundice, ileitis, colitis, in. Died at s months of radiation 
vical stump, Stage HI 3 treatments (partial) testinal perfora bns complications, Questlonably viable 
microscopic tumor at autopey 
17. Adenocarcinoma, lung 2,500 r in IOXI2 cm. 9 Myelopathy, rib necrosis Died at r2 months with local re- 
2 treatments currence 
18. Glioblastoma multiforme, left z,6rirrin 8 X10 cm. o None Died at 4 months of persistent 
frontoparietal region 3 treatments disense 
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to five times a week. This has resulted in 
some dilution of the experimental material 
but 1t 1s calculated to give us further infor- 
mation with regard to the efficacy of a re- 
duced fractionation schedule. 

All patients have been irradiated with 
the roentgen-ray beam of a 22.5 mev. beta- 
tron. Dosage units are in roentgens which 
have not been converted to rads. 

The chamber used for irradiation is con- 
structed of $ inch steel, 8 feet long and 29 
inches in diameter. It is equipped with 
circular glass windows at each end, moni- 
toring leads and connections and tracks to 
accomodate a stretcher. The chamber is 
hfted on to the treatment table by means 
of a motor-driven chain hoist. Beam locali- 
zation is performed by an apparatus es- 
pecially constructed to provide a locus on 
the outer wall of the chamber to correspond 
to the central ray entrance point on the skin 
of the patient inside the chamber for a di- 
rect vertical or horizontal beam. More 
recently, a transparent chamber similar to 
the one described by Emery e al.8 has been 
acquired. 

For various technical reasons, as well as 
to facilitate observation and evaluation, 
patients were selected for the randomized 
controlled series who had advanced malig- 
nancy of the head and neck or upper thor- 


Tanrz I(b) 


SUMMARY OF I8 PATIENTS TREATED TO 
VARIOUS DOSES OF RADIATION UNDER 4 
ATMOSPHERES OF OXYGEN 


Tumor Control 
8/18 complete for 2 months or more 
- 6/18 partial 13-10 months 
Severe complications 8/18 
Death due to complications § 
Longest survival 48 months 


Complications: 
osteonecrosis 4 
myelopathy 3 
necrosis of epiglottis 2 
fibrosis 3 
intestinal perforation I 
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acic region. Since the method is experi- 
mental, patients who had a reasonable 
chance of control by more conventional 
treatment were not chosen. Only patients 
with tumors beyond the organ or site of 
origin by direct extension or lymph node 
involvement were considered. Because of 
limitations imposed by the chamber, all the 
regional lymph nodes were not always 
treated and radical neck dissection, when 
indicated, was carried out at a later date. 

Certain difficulties are encountered in 
making a final evaluation. The survival 
rate can be expected to be poor because of 
the unfavorable cases selected for inclusion 
in this study. Ability to control the primary 
tumor area was considered the only valid 
criterion of success but clinically this is not 
always readily ascertained. The problems 
encountered in carrying out a controlled 
clinical evaluation of a treatment method 
have been summarized by van den Brenk." 


PROCEDURE 


A careful evaluation of each patient 1s 
made prior to instituting radiotherapy. | 
Direct examination, laryngograms, barium 
studies, etc. are made to define the extent of 
tumor and the general medical status is de- 
termined. Hospitalization from one day 
prior to the day following treatment in the 
hyperbaric chamber is required. Control 
patients are generally treated as outpa- 
tients. : 

Treatment in the chamber has been 
carried out in the afternoon. Patients have 
only liquids for breakfast and then are al- 
lowed nothing by mouth. Premedication is 
seconal, demerol and atropine, adminis- 
tered on call from the anesthesiologist. The 
patient is then brought to the preparation 
room adjacent to the radiation facility and 
placed on the special stretcher. Intravenous 
anesthesia, pentobarbital, demerol and 
thorazine, are used to put the patient to 
sleep. Intubation is accomplished and 
various monitoring leads are applied. An 
otolaryngologist performs bilateral myrin- 
gotomies, since the anesthetized patient is 
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unable to equalize pressure under the rap- 
idly changing conditions in the chamber. 
The stretcher is wheeled into the treat- 


ment room. The upper portion is released - 


from the wheeled frame and slides along the 
tracks within the chamber until the point 
on the skin which coincides with the central 
ray of the treatment beam is just at the en- 
trance of the chamber. Measurements are 
made of the coordinates of the point where 
the central ray enters and of the distance 
from this point to the outer surface of the 
chamber. The stretcher is then pushed all 
the way in until it reaches a stop. The treat- 
ment table is positioned before the beta- 
tron so that the central ray corresponds to 
the coordinates previously determined on 
the outer surface of the chamber. Localiza- 
tion roentgenograms are taken through 
both thicknesses of the chamber with the 
betatron beam and are adequate to dis- 
tinguish the air-containing structures as 
well as to visualize the bone faintly. 

The door of the chamber is closed and the 
air inside is flushed out by rapidly flowing 
oxygen. When the oxygen content within is 
96 to 98 per cent, the exit valve is closed 
and pressure built up to 45 lb. per square 
inch as indicated on the gauge. This is done 
over a IO to 15 minute period. Another 15 
minutes are allowed to elapse at full pres- 
sure before treatment in order to attain 
oxygen equilibrium in tumor and normal 
tissues. Irradiation at 1 meter treatment 
distance requires approximately 30 min- 
utes, after which a rapid decompression in 
about ro minutes is accomplished. The 
patient is then brought to the recovery 
room and usually sleeps until the following 
morning. 

Monitoring of various physiologic func- 
tions is carried out during the time the pa- 
tient is in the chamber. The electrocardio- 
gram is most important. A microphone at- 
tached to the endotracheal tube is helpful 
as a warning of impending distress or of 
light anesthesia. A plethysmographic re- 
cording of blood pressure had been used at 
first but has since been abandoned. Other 
monitoring devices are: a rectal thermo- 
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couple, closed circuit television viewing 
and an oxygen polarograph. 


RESULTS 


At this time it is not possible to provide 
information concerning survival rates or 
ability to control the tumor. However, it is 
possible to present some of the immediate 
results in terms of patient tolerance, and 
early and late complications. 

The tolerance of the patients to the pro- 
cedure has been excellent. The main danger 
is respiratory depression secondary to the 
overuse of anesthesia. In only 1 patient was 
this a serious problem. Respirations stop- 
ped and a pulse was unobtainable but was 
restored by external cardiac massage and 
"lorfan." The patient never became cyanot- 
ic. Radiotherapy was then given under 
full pressure. Minor electrocardiographic 
changes were noted afterwards during a 
period of observation, but the patient was 
not symptomatic in relation to this episode. 
On two or three other occasions decompres- 
sion for administration of more anesthesia 
was required due to the patient's awaken- 
ing and moving while in the chamber. 

Few physiologic disturbances have been 
noted during compression and irradiation. 
Respiratory changes are slight and the rate 
usually remains constant while there is a 
slight rise in tidal volume. The heart rate 
slows during pressurization, and this ap- 
pears to be a vagal effect, since atropiniza- 
tion will abolish or markedly reduce it. 

The electrocardiogram shows characteris- 
tic changes which become manifest at Io to 
15 lb. pressure, persist throughout pressuri- 
zation and for a variable period after de- 
compression. The change consists of a 
doubling of the height of the T-wave, and 
was observed in nearly all patients whether 
or not atropine had been previously admin- 
istered. There is nothing to suggest that the 
change is of clinical significance. 

The blood pressure usually falls slightly 
during the period of treatment but not to a 
greater extent than one would expect in pa- 
tients so anesthetized. 

The rectal temperature usually falls dur- 
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ing treatment and may continue to fall for 
a short time afterwards, reaching the lowest 
point of 1 to 2 degrees Fahrenheit below 
normal about 
treatment. There is then a rise in tempera- 
ture to levels of 2 to 4 degrees above nor- 
mal, the peak usually attained at about 8 
EN The temperature returns to normal 
over a 24 hour period. It is possible that the 
initial fall in temperature may be due to the 
anesthetic drugs used, some of which have 
a vasodilator action, but it may also be 
associated with the changes in barometric 
pressure. The later rise in temperature per- 
haps may be one of the results of irradia- 
tion. The temperature changes are tolerated 
by the patients without ill effects. 

Skin reactions have been minimal except 
in 2 patients. In : patient treated with 
3,000 r in three treatments through Oppos- 
ing 15X 15 cm. fields to the pelvis, the skin 
reaction was unusuallv brisk and reached a 
moist desquamative stage after a calcu- 
lated maximum skin dose of approximately 
1,800 r (Fig. 1). Ina patient with carcinoma 
of the mid-esophagus, the exit areas of the 
anterior and each posterior oblique portal 
attained a marked drv desquamation after 
a calculated skin dose of approximately 620 
r each in single treatments. All other pa- 
tients demonstrated only a iiid tanning at 
most. The maximum skin dose occurred 
when 1 cm. of lucite bolus was used because 
of lymph node involvement and was ap- 





Fic, 1. Moist desquamative reaction following calcu- 
lated 1,800 r skin dose in 3 treatments under hyper- 
baric oxygen in patient with carcinoma of the 
cervix (146-64-94). 
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proximately 1,500 r when 2,200 r was given 
to the tumor. 

Mucosal reactions were severe and re- 
quired hospitalization in 1 instance. Begin- 
ning mucositis was first noted about 2 
weeks after the initial treatment and pro- 
ceeded to a confluent membranous reaction 
in a matter of 3 to § davs. The reaction usu- 
ally subsided in a month. The reactions 
were equivalent in severity to those ob- 
served with conventional radiation ther ‘apy 
after a dose in the range of 6,000 r in 6 
weeks of daily treatment, or 3,250 r in three 
treatments spaced a week apart under 
normal atmospheric conditions. 

The late complications were seen most 
commonly in the early group treated to 
higher doses and have been largely elimi- 
nated since the dose was reduced doge Pole ons 
in two treatment sessions. Edema of the 
submental region was frequently noted in 
patients who had had enlarged cervical 
lymph nodes prior to therapy probably be- 
cause of interruption of normal drainage 
pathways. Laryngeal and pharv E ed- 
ema of a marked degree was noted in 2 2 pa- 
tients, 1 of whom received 3,250 r in three 
treatments for a large base of tongue 
lesion, and the other, 4000 r in four treat- 
ments, for a vallecular tumor. Both pa. 
tients had permanent tracheostomies. The 
patient with the base of tongue lesion re- 
quired a tube for feeding purposes since his 
swallowing function was severely com- 
promised by pharyngeal fibrosis, and he 
died at home presumably as a result of 
complications 9 months after completion of 
treatment without clinical. evidence of 
tumor. The patient with the vallecular 
lesion died of hemorrhage probably second- 
ary to radiation damage in the hy po- 
pharynx at 27 months, also without clinical 

evidence of Buon 

One of the most serious late complica- 
tions encountered was radiation myelop- 
athy. This was seen in 3 patients and 
might have developed in others had thev 
survived the m alignant disease for a longer 
time. Death was directly attributable to 
this complication in 2 patients. In one pa- 
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tient with carcinoma of the esophagus, in 
whom a single anterior and two posterior 
oblique portals were used to avoid over-ir- 
radiating the spinal cord, the patient de- 
veloped symptoms 29 months after therapy 
and died at 34 months without evidence of 
persistent tumor. Myelopathy was con- 
firmed at autopsy. The cord was directly ir- 
radiated only through the anterior feld and 
probably received approximately 800 r ina 
single treatment. 

The second patient who died had a very 
large carcinoma of the base of the tongue 
with bilateral cervical lymph node meta- 
stases. He developed symptoms of mvelop- 
athy 8 months after treatment and pro- 
gressed rapidly to death at r$ months. 
Autopsy revealed the primary site to be 
tree of tumor but with metastatic carci- 
noma in cervical lymph nodes and severe 
degenerative changes in the cervical spinal 
cord. The dose to the cord had been 2,500 r 
in two fractions through opposing 10X10 
cm. lateral ports which extended posteriorly 
to include the cervical metastases as well as 
the primary site. 

The third patient who developed radia- 
tion myelopathy had the same dose as the 
second patient but directed to a carcinoma 
of the left upper lobe and included the 
upper thoracic spinal cord. About 8 months 
later, symptoms of myelopathy were noted 
accompanied by biopsy-proven recurrence 
involving the upper third of the esophagus. 
The patient died at 12 months and no 
autopsy was obtained. However, a myelo- 
gram revealed no abnormalities and was 
consistent, therefore, with radiation myeli- 
tis. 

It is difficult to ascribe the development 
of damage to the spinal cord entirely to the 
oxvgen effect. We have noted the late oc- 
currence of myelopathy in other patients 
treated with massive single doses of radia- 
tion under normal atmospheric conditions.? 
However, studies of oxvgen tensions in 
mammalian and human brains, ° indicate 
that some cells in the central nervous svs- 
tem normally exist under low partial pres- 
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sures of oxygen. Increasing the oxygen 
available to these cells may markedly en- 
hance radiosensitivity. We have learned 
since to avoid the spinal cord in all cases. 
This makes adequate treatment of patients 
with cervical metastases rather difficult. In 
some instances 1t has necessitated omitting 
treatment of some lymph nodes when the 
primary site is under treatment, leaving the 
metastases to be treated separately. This is 
one reason why we have relied on radical 
neck dissection to control cervical metas- 
tases when indicated. 

Osteonecrosis of varving degrees of se- 
verity was noted in a number of patients in 
the early series. Since reducing the dose, it 
has been rarely encountered or has been of 
a minor degree of severitv. Of 8 patients 
with head and neck malignancy in the early 
group, 3 developed alveolar-ridge necrosis, 
2 had necrosis of the epiglottis and only 3 
had no such complication and survived 2 
months, 10 months, and 15 months, respec- 
tivelv, before succumbing to recurrent or 
persistent cancer. Roentgenographic evi- 
dence of rib necrosis secondary to radiation 
was noted on chest roentgenograms of the 
patient who was treated for carcinoma of 
the lung. 

Mild alveolar-ridge necrosis has been ob- 
served, so far, in onlv 2 of the 8 patients 
who had this region in the field of treat- 
ment in the randomized series treated un- 
der 4 atmospheres of oxvgen. Two of 8 pa- 
tients in the three-treatment control group 
also developed mild to moderate necrosis 
which subsequently healed. One of these 
developed necrosis following radical sur- 
gery for recurrence so that it cannot be 
attributed entirely to irradiation. There are 
theoretic reasons for believing that radio- 
therapy under increased oxygen tension 
will cause an increased incidence of bone 
necrosis.?:?! 

Two patients had gastrointestinal tract 
complications. One with carcinoma of the 
cervical stump had had a previous subtotal 
hysterectomy. It is possible that adhesions 
binding down bowel in the pelvis con- 
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tributed to the damage. She received 3,000 
r in three treatments through oppos- 
ing 15X I 6 cm. anteroposterior fields to the 
pelvis. Severe jaundice and a semicomatose 
state of unknown etiology de veloped along 
with severe enteritis shortly after the third 
and last treatment. This gradually cleared 
but the patient expired of intestinal perfo- 


ration in the region of the app after 3 











months. Roentgenographic e xamination re- 
vealed severe radiation des in both the 
large and small bowel (Fig. 2, Æ and 5). 





These changes were confirmed at autopsy 
where greatly thickened intestinal walls 
and narrowed lumens were found (dao. 75 





Onlv microscopic tumor of questionable 
viability was disclosed by the autopsy (Fig. 
4). 


Moderate radiation effect on the esopha- 
gus developed in the patient (Case 11) who 
received 3,000 r in three treatments for a 
large c arcinoma of the mid-esophagus. This 
was noted about 4 months after completion 
of therapy. The patient ds developed 
moderate mediastinal fibrosis Du anterior 
mediastinal colon trans ee was carried 








speci- 
men. The rectos sigmoid has Vs en split open and 
separated from the vagina, Black arrow points to 


Fic. 3. Same patient as in Figure t, Autopsy 


HE 
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necrotic tissue at apex of White arrow 


points to thickened bowel wall. 


ragina, 





tion of tissue from the vaginal apex reveals a few 
questionably viable malignant cells following radi- 
ation therapy. 


out but the patient expired at 34 months 


secondary to the myelopathy described 
above. 
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REPORT OF CASES 


CASE I, 147-05-48. A 57 year old man had an 
8 to 9 month history of sore throat, dysphagia 
and blood-streaked sputum. A proliferative 
mass, 2 cm. in diameter, was seen with difficulty 
on the right side of the vallecula and an addi- 
tional mass was noted on the left arvepiglottic 
fold. Biopsy was reported as epidermoid car- 
cinoma, A 1.5 cm, right cervical lymph node 
was palpated as well as a 2 cm. left cervical 
lymph node, both at the level of the angle of the 
mandible. 

Radiotherapy was administered through 
lateral opposing 10X 10 em. portals on April 26, 
1960 and May 3, 1960. Each treatment con- 
sisted of 17,700 r tumor dose given while the 
patient was breathing Loo per cent oxygen at 4 
atmospheres (absolute). A planned total of 
4,000 r in four treatments was not given because 
of the appearance of severe membranous muco- 
sitis on the seventh day after the second treat- 
ment, 

Following radiotherapy the lymph nodes 





Pic. 5, Case 1t. A 42 vear old female, with infiltrating and polypoid carcinoma involving a 7 cm. segment of 
esophagus at the Junction of the upper and middle thirds. (4) Frontal view. (B) Lateral view. 
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regressed, the mucositis cleared in 2 weeks and 
the tumor disappeared. Lary ngoscopy and 
biopsy § weeks following completion of therapy 
revealed no evidence of tumor. Osteonecrosis of 
the left lower alveolar ridge developed 7 weeks 
after treatment, presumably about the retained 
roots of a previously extracted tooth. Necrosis 
of the mandible has persisted chronically with 
occasional removal of sequestra, but the degree 
has lessened markedly in the past 2 years. Post- 
therapy laryngography revealed a return to 
normal as compared to the pre-radiotherapy 
studv. 

A left cervical lymph node began to enlarge 
about 11 months after completion of treatment. 
This lymph node, at the lower edge of the 
therapy field, was excised 1n a radical neck dis- 
section on June g, 1961. Tumor was found in- 
vading fat and connective tissue at this site 
only, and 20 other removed lymph nodes were 
free of tumor, 

Two and one-half years after radiotherapy, 
swelling of the left false cord and arvtenoid was 
noted on follow-up examination. Biopsy was 
interpreted as squamous cell epithelioma. No 
tumor could be found in a specimen obtained 
from the base of the tongue. A total laryngec- 
tomy was performed on January 16, 1963. An 
ulcerated lesion on the left aryepiglottic fold 
was demonstrated which proved to besquamous 
carcinoma. The wound then healed without 
difficulty and the patient has remained well 
since, with no evidence of tumor 48 months 
after treatment for the original lesion. 


Case ut, 98-45-40. This 42 year old woman 
with a past history of excessive alcohol intake 
developed chest pain and difficulty in swallow- 
ing. Roentgenograms showed an extensive 
polypoid (uL of the mid-third of the 
esophagus (Fig. 5, -Z and B) proved by biopsy 
to be an epidermoid carcinoma. 

Radiotherapy consisted of three treatments 
of 1,000 r tumor dose each on May 10, May 17, 
and May 24, 1960. Therapy was administered 
through an anterior 8X 15 cm. and two posterior 
oblique 6x15 cm. portals while the patient was 
in an atmosphere of too per cent oxygen at 45 
lb. gauge pressure (4 atmospheres absolute). 
Following treatment the patient experienced 
severe radiation esophagitis and a moderate 
skin reaction at the exit region of the three 
treatment fields. Two months later an esoph- 
agram showed disappearance of all gross 
tumor and a smoothly constricted mid-esopha- 
gus (Fig. 6). 
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3,000 r in three 


Four months after 
treatments under 4 atmospheres (absolute) of 100 
per cent oxygen. The esophagus shows mild nar- 
rowing without evidence of residual neoplasm. 


Fic. 6. Case H, 


Dysphagia persisted, and esophagoscopy and 
roentgen examination § months later revealed 
irregularity of the mucosa and stricture of the 
esophagus in the treatment field (Fig. 7) and 
mediastinal fibrosis (Fig. 8). Biopsies of the 
esophagus and scalene lymph nodes failed to 
reveal evidence of tumor and this probably 
represented radiation necrosis, Subsequentlv, 
on December 22, 1960, a right colon transplant 
was performed substernally and the esophagus 
was bypassed. 

The patient recovered without difficulty from 
the operation and proceeded to gain weight. On 
October 6, 1961, a resection of a small, super- 
ficial squamous cell epithelioma of the anterior 
Hoor of the mouth was performed. One year 
later, 29 months post therapy, the first symp- 
toms of radiation. myelopathy were noted. 
These were difficulty in walking, numbness and 
decreased temperature sensation in the lower 
extremities. À diagnosis of transverse myelitis 
secondary to radiation at the level of T6-T8 
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Fic. 7. Case ri. Six months post therapy the esopha- 
geal contour is moderately irregular although 
biopsy failed to reveal evidence of tumor. 


was made. The patient progressively deterior- 
ated and expired on April 3, 1963, over 34 
months from the completion of radiotherapy. 
At autopsy no evidence of tumor could be 
found and the diagnosis of radiation myelopathy 
was confirmed. 

E , 147-84-52. A 67 year old man noted 
a D ENT iy enlarging lump in the left side 
of his neck for several months. Examination 
revealed a large ulcerative lesion of the left 
tonsil involving both pillars and the adjacent 
lateral pharyngeal wall and a 3X 5 cm. lymph 
Hode in the n of m idi coved E 


squamous cell poc ne Radi iotherapy c Con- 
sisted of 2,200 r to the tumor divided in two 
equal doses spaced 1 week apart through oppos- 
ing lateral 8X10 em. portals in 100 per cent 
oxygen at 45 Ib. gauge pressure (4 atmospheres 
absolute). The tumor responded well to irradia- 
tion and disappeared in 1 to 2 weeks. The 
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A left radical neck dissection was performed 
6 weeks following radiotherapy. Of ¢1 lymph 
nodes removed, none showed evidence of car- 
cinomatous involvement. Four months later a 
small area of radionecrosis developed on the left 
lower alveolar ridge which healed in 2 months 
on conservative therapy. The patient was well 
without complications when last seen 30 months 
after radiotherapy. 


DISCUSSION 

The treatment of patients under condi- 
tions of increased oxygen tension appeared 
to be a formidable task when this problem 
was first approached. However, after the 
initial difficulties of a new procedure were 
ironed out, it was discovered that a team 
consisting or anesthesiologist, radiologist, 
physicist, and nurse- technician could func- 
tion very smoothly and the operation took 
on the aspect of a routine procedure. The 
minimum time for one treatment, includ- 
ing anesthesia and positioning has been 13 
hours. Since the betatron output is low, this 





Fic. 8. Case 1r. Chest roentgenogram 6 months after 
therapy shows moderate mediastinal fibrosis. 
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time could be reduced by using a high out- 
put linear accelerator. 

The procedure is well tolerated by pa- 
tients. No ill effects due to the procedure 
itself were noted and only radiation com- 
plications such as enteritis in one instance 
and mucositis in another prevented us from 
completing the planned course. It is our 
impression that a course of irradiation con- 
sisting of only two or three treatments with 
short hospitalization is easier on patients 
than a 6 week course of daily conventional 
radiotherapy. 

Contrary to our expectation, the radio- 
sensitivity of normal tissues was increased 
during exposure to hyperbaric oxygen. This 
has necessitated the application of a much 
lower dose (2, 200 r in two fractions spaced 
a week apart) than we had originally con- 
sidered. Since we felt that this dose level 
would be inadequate without the potentiat- 
ing effect of high pressure oxygen, ethical 
and moral considerations led us to adopt a 
higher dose schedule (3, 250 r given in three 
fractions of 1,250 r, 1,000 r, and 1,000 r at 
weekly intervals). Although this does not 
conform to the ideal characteristics of a 
control group, we think it still permits a 
valid standard for comparative purposes. 
The same type of complications and prob- 
lems with dosage were encountered by 
Madigan” in the Australian study. 

Two possibilities are suggested to ex- 
plain this finding. Either the curve for 


radiosensitivity versus partial pressure of 


oxygen is incorrect or normal tissues, in 
part, exist under conditions of low partial 
pressure of oxygen. The latter explanation 
seems more likely based on experimental 
evidence, ?. 

By regulating our dosage schedule, we 
have so far avoided most of the problems 
encountered in the first group of patients 
treated. The complication rate is now 
acceptable and apparently no greater than 
with conventional forms of therapy. Our 
longest surviving patient (Case 1) is now 
alive more than 48 months since completion 
of treatment. He received 2,000 r in two 
treatments for a squamous cell epithelioma 
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of the base of tongue, vallecula and ary- 
epiglottic fold with a cervical metastasis. 
The planned course of 4,000 r was not com- 
pleted due to severe membranous mucosi- 
tis. He has had a radical neck dissection 
and, 19 months after treatment, a laryn- 
gectomy for either recurrence or a new pri- 
mary of the false cord at the lower edge of 
the radiation field. He has had moderate 
dificulty with osteonecrosis of the mandi- 
ble at the site of a retained root, but other- 
wise has had no untoward complications. 

We have been impressed bv rapid resolu- 
tion of intraoral tumors in most cases as 
well as the rapid response of some greatly 
enlarged lymph nodes involved with metas- 
tasis. In some instances a very definite im- 
provement was noted at the time of the 
second treatment, only 1 week after the 
first radiation dose. Tables 11, 11, and 1v 
list the patients treated in our new series, 
the tumor control rate and complications. 
It is too early in the course of this study to 
make any significant comparisons. 

Many factors must be taken into consid- 
eration in this study. Whether 4 atmos- 
pheres are significantly superior to 3 at- 
mospheres of oxygen is not known. Reduc- 
tion of the oxygen pressure and utilization 


Taste H 


IRRADIATION UNDER 4 ATMOSPHERES OF OXYGEN 


Tumor EEE 
Patient Control. ^, , Complications 
/ (mo.) 
(mo.) i 
i 
i Q 2 i 5 aes 
2 4 NS 
3 ( iy Osteonecrosis 
(mild) 
4 2 8 as 
$ O S. le $e 
6 19 19 Mucositis, osteo- 
necrosis (mild) 
7 c 6 D 
8 4 4 : 
9 Q e ER 
1G 4 i inet 
11 O 695 7 mm 


* Still alive at time of report. 
Tumor control 6/11 for 2 months or more. 
Complications 2/11 (none severe). 
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Tase III 
ONCE-A-WEEK. IRRADIATION, NO ADDED OXYGEN 


Tumor NN 
Patient Control fuo) Complications 
(nio) mo. 
I 6 6 Soft tissue 
necrosis 
2 7 (Partial) 2t — 
3 6 Edema, fistula 
4 IO IO — 
5 II II — 
6 Oo 9 — 
7 34 ai” Osteonecrosis 
8 24 9 Mucositis 
9 23 20* Osteonecrosis 
IO o 24 — 


* Still alive at time of report. 
Tumor control 7/10 complete 2 months or more; 1/10 partial. 
Complications 5/10. 


of a transparent chamber would allow 
treatment in most cases without the need 
for anesthesia. This would also enable a 
more conventional schedule to be used and 
make comparisons more reliable. Such a 
scheme is now being used for the treatment 
of glioblastoma patients. Oxygen pressure, 
the influence of anesthesia, the fractiona- 


Tase IV 


IRRADIATION WITH CONVENTIONAL 
FRACTIONATION IN AIR 


Tumor TE 
Patient Control rae Complications 
(mo.) (mo.) 
I 31 ort Laryngeal edema, 
hearing loss 

2 5 g” = 
3 O ge — 
4 o 4 = 
5 o 10 — 
6 o 5 — 
7 4? 4 $ 
8 o 8 Osteonecrosis 
9 14 54 pes 

IO Oo 3 — 

II O 3 — 

12 o 7 — 

* Still alive at time of 


"Tumor control 3/12 for 2 months or more. 
Complications 2/12. 
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tion schedule and case selection must be 
evaluated. 

To assess accurately the role which hy- 
perbaric oxygen will play in clinical radio- 
therapy, many more patients must be 
treated with this method, adequate con- 
trols are necessary and much time must 
still elapse. It is hoped that the pooled ex- 
perience of a number of institutions will 
help in making an accurate assessment of 
the role of hyperbaric oxygenation in clini- 
cal radiotherapy. 


SUMMARY 


A study of the effects of radiotherapy of 
human malignancy under conditions of 
high pressure oxygen has been outlined. 
Early experience revealed a high incidence 
of complications because of increased radio- 
sensitivity of normal tissues under these 
conditions. Subsequent experience has been 
more favorable and the study is continuing. 
Some of the difficulties to be expected are 
presented. 


William B. Seaman, M.D. 
Department of Radiology 
Columbia University 

College of Physicians and Surgeons 
New York, New York 
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THE THERAPY OF UNBIOPSIED BRAIN TUMORS* 


By GLENN E. SHELINE, M.D., THEODORE L. PHILLIPS, M.D., 
and EDWIN BOLDREY, M.D. 


SAN FRANCISCO, CALIFORNIA 





I | THE case of a suspected brain tumor, 
the usual practice at the Universitv of 
California School of Medicine is to obtain 
histologic verification before institution of 
therapy. Exceptions, however, are made. 
In the present report the reasons for such 
exceptions, the results of radiation therapy 
in these cases, and the ultimate histologic 
diagnoses whenever available are discussed. 

For this purpose the records of all pa- 
tients with a suspected brain tumor ir- 
radiated between 1934 and 1959, without 
biopsy, were studied. In this group were 61 
patients with definite clinical evidence of a 
brain tumor, confirmed in most cases by 
pneumography or angiography. Treated 
without biopsy, but discarded from the 
series, were 7 patients in whom the evi- 
dence of a brain tumor had been minimal. 
Four others in whom angiographic evidence 
had indicated that the tumor was a he- 
mangioma and several patients with meta- 
static cancer were also discarded. All pa- 
tients included in the study had been ex- 
amined by the neurosurgical staff and 
then referred for radiation therapy. Sev- 
eral had undergone a shunt of the cerebral 
spinal fluid system and others had had an 
exploratory craniotomy. 

In 38 patients, the reason for referral 
without biopsy was the location of the 
lesion, which made surgical procedure 
unduly hazardous. Lesions were considered 
too vascular for primary operation in 3 
patients and 18 lesions were treated because 
of the presumptive diagnosis of medullo- 
blastoma.’ In the other 2 patients, posterior 
fossa lesions had been demonstrated by 
pneumography but were not seen at ex- 
ploratory craniotomy. 


The 61 patients selected for study were 
separated into 3 groups. Group 1 consists 
of those with lesions in the pons, medulla 
oblongata, or brain stem. The lesions of 
Group n were in the mesencephalon, the 
pineal area, or in the walls of the third 
ventricle. Lesions involving the cerebellum 
and roof of the fourth ventricle comprise 
Group irr. 

Detailed data regarding age and sex 
incidence, symptoms, neurologic signs, 
roentgen findings, and cerebrospinal fluid 
alterations in similar cases have been de- 
scribed previously and will not be re- 
peated. tie 


RESULTS 
GROUP f, LESIONS OF THE PONS, THE 
MEDULLA, AND THE BRAIN STEM 
This group consists of 21 patients (Table 
1) with clinical evidence of a tumor in one 
of the aforementioned sites. Pheumography 


Taare Í 
GROUP I, PONS, MEDULLA, AND BRAIN STEM 
COMPOSITION OF SERIES 





No. of Patients 21 
Less than 20 years of age 18 
Pneumography 
Confirmation of clinical diagnosis rs 
“Normal” 2 
Not done 4 
Shunt 
Craniotomy 3 
Location 
Pons 16 
Brain stem 4 
Medulla 1 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 29- 


October 2, 1964. 


From the Section of Therapeutic Radiology, Department of Radiology, and the Division of Neurological Surgery, Department of 
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had confirmed the presence of a lesion in 
15, had shown no abnormality in 2, and 
had not been performed in 4 patients. At 
the time of diagnosis, 18 of the 21 patients 
were 20 vears or less of age. À shunt of the 
cerebral spinal fluid system had been per- 
formed in 4 patients and operative decom- 
pression in 2. The small number of opera- 
tive shunts or decompressions is probably 
related to the low incidence of significant 
obstruction caused by tumors in this area. 

Radiation therapy was given through 2 
or 3 fields. With occasional exceptions, 
treatment was at the rate of 600 to 800 r 
caleulated tumor dose per week. Before 
1945, only 2 of the to patients received a 
dose higher than 2,600 r. Those treated in 
1945 or later received doses ranging from 
33390 CO 5,000 r. 

Within a few weeks after completion of 
therapy, 15 of the 21 patients experienced 
definite improvement (Table 11), but 1o of 
these showed recurrence within 7 months 
and were dead within 1s months. The 6 
failing to respond to treatment died within 
6 months. 

Of the $ patients surviving more than 5 
vears, 4 are living at 6, 12, 131, and 22 
years after treatment. These 4 have had 
excellent recoveries. After about 6 vears, 
the fifth patient began to deteriorate slowly 
and 12 vears after irradiation died of a 
cystic astrocytoma, Each of these 5 pa- 
tients who survived § years had received a 
radiation dose of at least 3,300 r, preceded 
by either operative decompression or shunt. 


Taser H 


GROUP I, PONS, MEDULLA ; AND BRAIN STEM 
RESULTS OF RADIATION THERAPY 


Panes res v eene een te eneerie se menm hg rete HE Pe ee qe n 
PER 


No. of 


Result cs 
Patients 
nitial improvement rs 
Recurred, died 14 mo. 10 
5$ year survivors 
Still living (6, 12, 134, 22 yr.) 4 
Recurred 6 yr., died 12 yr. 
(astrocytoma) 1 


“o response; died 6 mo. 6 


A etr — atten wnat s. 
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Tage Hl 


PONS, MEDULLA, AND BRAIN STEM 
HISTOLOGIC DIAGNOSIS 


GROUP I, 


EN e No. of Survival 
Histologic Diagnosis 


Patients Time 
Glioblastoma multiforme } $—14 mo. 
Polar spongioblastoma 3 2-9 mo. 
Cystic astrocvtoma 2 POSTE 
Fibrllary astrocytoma I 5$ mo. 
Medulloblastoma i I mo. 
Neuroblastoma I 2 mo. 
Epidermoid cvst I 2 mo. 


Necropsies were done in 12 cases (Table 
mt) and revealed 3 instances of glioblas- 
toma multiforme, 3 of polar spongioblas- 
toma, 2 of cystic astrocytoma, and 1 each 
of fibrillary astrocytoma, medulloblastoma, 
neuroblastoma, or epidermoid cyst. 


GROUP II. LESIONS OF THE MESENCEPHA LON, 
THE PINEAL REGION AND THE WALLS 
OF THE THIRD VENTRICLE 
All 17 patients in this group had definite 
pneumographic as well as clinical evidence 
of a tumor in the area of concern (Table 
1v). Ten patients were 20 vears of age or 
younger. Exploratory craniotomy had been 
performed in 3 and cerebrospinal fluid 
shunts in g others. The larger proportion 
of shunts performed in Group im than in 


Taste IV 
GROUP H. MESENCEPHALON, PINEAL, AND WALL OF 
THIRD VENTRICLE 
COMPOSITION OF SERIES 


No. of patients 17 
Less than 20 vears of age 10 


Pneumography 


Confirmation of clinical diagnosis E 
Craniotomy 3 
Shunt 9 
Location 

Posterior third ventricle 9 

Walis of third ventricle 7 

Mesencephalon 1 
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Tase V 


GROUP II, MESENCEPHALON, PINEAL, AND WALL OF 
THIRD VENTRICLE 
RESULTS OF RADIATION THERAPY 











Result 5 of 
atients 
Initial improvement IO 
Recurred, died 24 mo. 5 


§ year survivors 
Still living (5, 7, 20, and 24 yr.) 4 
Recurred g yr., died 10 yr. I 


No response "i 
Died 16 mo. 5 
No change 10 yr. I 


No change 5 yr., then recurred* 


* Intraventricular epidermoid cyst—lost to follow-up after 
operative removal, 


Group I reflects a higher incidence of block 
of the cerebrospinal fluid pathway. 

The arrangement of treatment fields was 
similar to that used in Group 1. Radiation 
therapy was usually given at the rate of 600 
to 8oo r calculated tumor dose per week. 
Fourteen of the 15 patients who completed 
the course of therapy received tumor doses 
of 3,200 to 6,000 r. The other 2 patients 
were terminal at the start of treatment 
and died before therapy was completed. 

Prompt, marked improvement was noted 
in g patients (Table v) and definite but 
limited improvement in I other. One pa- 
tient has remained unchanged for 10 years 
and another was unchanged until signs of 
reactivation appeared 5 years later. The 5 
patients who failed to respond to treatment 
died within 16 months. In total, 7 of the 17 
patients survived 5 years or longer and 5 
of these remain without evident recur- 
rence for periods of 5, 7, 10, 20, and 24 
years. In the 2 others, signs of renewed 
tumor growth developed after 5 and 9 
years. 

The survivors of 5 or more years include 
I patient with previous exploratory crani- 
otomy and 4 with shunts (Table x). Two 
underwent no operative procedure. 

As in Group 1, the deaths tended to occur 
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early. Of the 11 deaths, 10 ‘were within 2 
years of treatment. 

Postmortem examination (Table v1) in 
6 cases and craniotomy for a recurrence in 
a seventh patient showed 2 intraventricular 
epidermoid cysts, 1 polar spongioblastoma, 
3 astrocytomas, and 1 papilloma of the 
choroid plexus. 


GROUP III. LESIONS OF THE CEREBELLUM AND 
THE ROOF OF THE FOURTH VENTRICLE 

This group consists of 23 patients 
(Table vit) all of whom were treated be- 
fore January, 1949. Previous to 1949, fol- 
lowing the suggestion of Cutler, Sosman, 
and Vaughan, approximately half of all 
patients in this clinic with the presumptive 
diagnosis of medulloblastoma were given 
radiation therapy without biopsy or at- 
tempted removal. This accounted for 18 of 
the patients in Group mm. Three patients 
were irradiated without biopsy because of 
the operative finding of a highly vascular 
tumor. Ín the other 2 patients craniotomy 
had failed to disclose the lesion indicated 
clinically and by pneumography. That 
there has been no patient added to this 
group during the last 15 years reflects 
primarily the change in opinion regarding 
exploration for medulloblastoma. 

Previous to radiation therapy, Io pa- 
tients of this group had had decompression 
by either posterior craniotomy or place- 
ment of a catheter into a lateral ventricle. 

Only 3 patients in this group were older 


TABLE VI 


GROUP II. MESENCEPHALON, PINEAL, AND WALL 
OF THIRD VENTRICLE 
HISTOLOGIC DIAGNOSIS 


No. of 
Patients 


Survival 


Histologic Diagnosis Time 


Epidermoid cyst 


(intraventricular) 2 22 mo.; 6 yr.* 
Polar spongioblastoma I 16 mo. 
Gemistocytic astrocytoma I 7 mo. 
Malignant astrocytoma 2 I mo.; IO mo. 
Papilloma choroid plexus I 9 mo. 


* Alive when lost to follow-up at 6 years. 
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Tage VH 
GROUP III, CEREBELLUM AND ROOF OF FOURTH 
VENTRICLE 
COMPOSITION OF SERIES 
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No. of patients. 2 
Less than 17 vears of age 20 


Pneumography 


Confirmation of clinical diagnosis 10 

Not done 13 
Craniotomy y 
Shunt 3 
Location 

Cerebellum 10 

“Posterior fossa" t1 

Fourth ventricle 2 


than 16 years. Each of these 3 had had 
craniotomy and the lesion was either not 
found or was too vascular for biopsy. In 
these 3, a meningioma, a neurofibroma, and 
a cerebellar hem angioblastoma were proved 
subsequently. These patients appear to 
differ from the other 20 in Group mi in 
terms of age, reason for treatment without 
biopsy, and ultimate diagnosis. 

The remainder of this discussion will be 
limited to the 19 patients less than 10 vears 
ot age and the 1 aged 16 (Table vir). The 
group thus becomes more homogeneous 
and consists largely of those considered at 
the time of treatment as probable medul- 


VIH 


GROUP JH. CEREBELLUM AND ROOF OF FOURTH 
VENTRICLE 
DIAGNOSIS IN PATIENTS LESS 
THAN 17 YEARS OF AGE 


TABLE 


REN 
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Presumptive diagnosis 


Medulloblastoma 18 

Too vascular 2 
"hstologic diagnosis 

Medulloblastoma 4 

Astrocytoma 6 

“Encephalitis” i 

Unknown Ü 


The Therapy of Unbiopsied Brain Tumors 


667 


Tantre EX 


GROUP III. CEREBELLUM AXD ROOF OF FOURTH 
VENTRICLE 
RESULTS OF RADIATION THERAPY IN PATIENTS 
LESS THAN 17 YEARS OF AGE 





| No. of 
Results Puro 
Initial improvement rs 
Recurred, died 28 mo, 8 
§ year survivors ji 
Stil living (12, 23, 26, 27 yr.) 4 
Recurred, irr adire. 1, died 
ío vr) 1 
Recurred, operated, living 
(16 yr.; 28 yr.T) 2 
No response 5 
Died, 4 mo. 4 
Operated on, living (16 yr. T) i 


* Medulloblastoma. 
T Astrocy toma, 


loblastomas. Although the clinical evidence 
of a tumor in each of the 20 patients was 
substantial, confirmatory pneumographic 
studies were carried out in only 8. Subse- 
quent operation or postmortem examina- 
tion in 11 resulted in the final diagnosis of 
medulloblastoma, 4; astrocytoma, 6; and 
diffuse “encephalitis,” 1. 

All 20 patients received radiation therapy 
to the posterior fossa. In addition, radia- 
tion was given to the cervical spine in 11 
and to the thoracic and lumbar spine in 3. 
With 2 exceptions, tumor doses to the 
primary site were calculated to be between 
2,000 and 4,000 r, given at the rate of 600 
to 1,000 r per week. 

A prompt, marked improvement in 13 
patien ts and a slight transient improvement 
in 2 2 others were noted (Table 1x). Of these 
15, 8 died of recurrence within 28 months 
and 1 died of recurrent medulloblastoma 
after 7 years. Two patients operated on 10 
and E § years later had astrocytomas and 
are currently well after total periods of 16 
and 28 years. Four of the 15 patients show- 
ing improvement are living on further 
therapy at 12, 23, 26, and 27 years after 
treatment. 
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respond | to tre atment, 4 were E within. 4 
months. The fifth had a fibrillary astrocy- 
toma removed surgically 4 weeks after com- 
pletion of radiation therapy and is now 
without neurologic deficit some 16 years 
later. Thus, there were eight ¢ year sur- 
vivors, but 1 died at 7 vears of recurrence 
and 3 patients with Ka tomas were sal- 
vaded nm operative procedures. 
DISCUSSION 

Groups 1 and i1 combined contain a total 
of 38 patients with clinical evidence of an 
tractant ul lesion in the pons, medulla, 
mesencephalon, pineal area, or walls of the 
third ventricle. The clinical diagnosis was 
confirmed bv pneumographic studies in 32 
of the 38. Because attempt at removal or 
biopsy of these lesions was considered ex- 
cessively hazardous, they were treated with 
roentgen therapy without pre eliminary m 
opsy. About half of these patients (18) also 
received some type of operative decompres- 
sion. Rapid and often complete relief of 
symptoms and neurologic findings was ob- 
tained in 25 patients (66 per cent). How- 
ever, many recurred within a few weeks or 


months. Within 2 vears of diagnosis, 26 of 


38 patients had died of their brain tumor. 
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There were 12 (32 per cent) § year survi- 
vors. Of these, 1 was lost to follow-up at 6 
vears and 2 died of recurrence at 10 and 12 
vears. Still under observation are 9 with- 
out evidence of recurrence at 5, 6, 7, 10, 12, 
134, 20, 22, and 24 years (Table x). Of the 
9, 8 are leading essentially. normal lives 
without significant neurologic deficit from 
the tumor or the treatment. With 1 excep- 
tion, these 9 received calculated tumor 
doses of between 4,000 and 6,000 r (Table 
x). Since several of the patients with 
poorer prognosis were given the lesser 
doses, definite conclusions regarding the 
optimum dose cannot be drawn from these 
data. However, because most of the suc- 
cessfullv treated patients did receive doses 
of between 4,000 and 6,000 r, and these 
doses are relatively safe, we are now treat- 
ing with doses of about 5,000 r. 

Although the histologic diagnosis was 
uncertain in all but 1 of the current survi- 
vors of Groups 1 and ii, the clinical evidence 
of a space-occupying lesion was, in general, 
convincing, Furthermore, in 11 of the 12 
€ vear survivors, the clinical evidence was 
supported by pneumographic findings. 
Thus, we may assume that these patients 
did, in fact, have brain tumors. 

How much of the improvement that fol- 


Tage X 


GROUPS I AND II, § 


pM EMEN E EL RE 


Pneumog- 





YEAR SURVIVORS 


Decompres- 


Parent Tu mor ! Tu mor Dose Status 
Location raphy sion (r) (vr.) 
Im Brain stem Not done Yes 4,400 Living (22) 
Im 11 Brain stem st Yes 320390 Died (12) 
pig Medulla + Yes 4,000 Living (153) 
pib Brain stem + Yes 4,400 Living (12) 
p | Pons -+ Yes 4,900 La ving (^ ) 
iI Pineal area 4 No 6,000 Living (24) 
i= Floor, 3rd ventricle ze No 3,10€ Living (20) 
Ho Posterior, 3rd ventricle + Yes 5500 Died (10) 
1—8 Optic chiasm T Yes 4,300 Living (10) 
HIE Pineal area d Yes 5,000 Living (7) 
H—12 Pineal area + Yes 000" Lost; alive (6) 
H——1$5 Thalamus a Yes 5,000 Living (5) 


£4 


* Recurred at $$ years and then operated on. 


--" means that pneumography confirmed clinical information. 
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Tage XI 


GROUP HI, 








5 YEAR SURVIVORS IN PATIENTS LESS THAN 17 





P YEARS OF AGE 








Puce Pneumog- D ecompres- | Hi stol ogi C St atus 
raphy sion Retreatment Diagnosis (yr.) 

H1—2 Not done No Operative Fibrous astrocytoma Living (28) 
HI Not done No None — Living (27) 
1n—6 Not done No None 0 20 om Li iving (2¢ 6) 
II—13 Not done No None me Living (23) 
HI § Not done No None ne Living (12) 
H1—-16 + Yes Roentgen irradiation Medulloblastoma Dead (7) 
Hi—2I 4j- Yes Operative Fibrous astrocytoma Living (16) 
HI-—-22 EE Yes Operative Fibrous astrocytoma Living (16) 


"EU means that pneumography confirmed clinical information. 


lowed therapy should be ascribed to me- 
chanical relief of pressure or to radiation 
therapy is uncertain. Of the $ year sur- 
vivors, 2 had undergone no operative pro- 
cedure m relief of pressure. In the other 10, 
7 shunts and 3 exploratory craniotomies 
had been done. 

The beneficial responses to therapy were 
about equally distributed between Groups 
1 and n. These results are comparable to 
ee reported elsewhere. t3488 

In that the lesions of patients of Group 
ur could have had biopsy and in some cases 
been resected, they present a diferent 
problem. The question here is whether the 
type of treatment might have been better 
selec ted, planned, and executed had biopsy 
first been performed. Although 8 of the 20 
patients considered in this group survived 
5 years or longer (Table xi), in only 1 of the 
8 was the clinically suspected medullo- 
blastoma proved. This patient, tollowing 
treatment for spinal cord involvement 2 


years after the initial irradiation, died of 


recurrence at 7 years. Three patients with 
astrocytomas survived from 16 to 28 years, 
but all 3 rec juired operative remov; al be: 
cause of radiation failure. The 4 patients 


alive without further therapy for periods of 


12 to 27 vears had neither pneumographic 
nor angiographic studies to support the 
clinical diagnosis. Thus, of the 8 patients 
surviving at least $ vears with suspected 
lesions in the cerebellum or the roof of the 


fourth ventricle, 4 required retreatment 


and in the other 4 the diagnosis was unsup 
ported by roentgenographic studies. Re- 
stated, primary radiation therapy in this 
group was successful only in the cases 
where the diagnosis of a tumor was least 
certain. Currently, we believe that, when- 
ever possible, biopsv of suspected lesions of 
the cerebellum or the reof of the fourth ven- 
tricle is preferable to treating on the pre- 
sumptive diagnosis of medulloblastoma. 
Then, if the lesion is one that should be 
treated by surgical means, such can be 
done without delay. On the other hand, if 
the lesion proves to be a medulloblastoma 
with its known tendency to seed through- 
out the cerebrospinal fluid space, radiation 
therapy can be planned accordingly. 


SUMMARY AND CONCLUSIONS 


A high mortality is associated with surgi- 
cal procedures for tumors of the brain stem 
(including pons and medulla) and the 
pineal- third ventricle regions. For this rea. 
son, 38 patients with such tumors were 
e by radiation without biopsy. Early 
favorable response occurred in t$ of 21 of 
those with tumors in the brain stem and in 
10 of 17 with tumors in the pineal third 
ventricle area. In the first group, $ of the 21 
patients and in the S group 7 of the 17 
patients survived 5 years or longer. Of these 
I2survivors, 9 h Lave oe without evidence 
of recurrence for periods of up to 24 vears. 
Our present opinion is that with such 
tumors, patients should be given radiation 
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therapy; that biopsy is not necessarily re- 
quired; and that decompression should be 
used when necessary for rapid relief of in- 
tracranial pressure. 

Lesions of the cerebellum and roof of the 
fourth ventricle, however, should have 
biopsy and therapy planned according to 
the result thereof. 


Glenn E. Sheline, M.D. 

Department of Radiology 

University of California Medical Center 
San Francisco, California 94122 
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EMBRYONAL RHABDOMYOSARCOMA* 


By ROBERT W. EDLAND, MAJOR, MC, USAf 


WASHINGTON, D. C. 


HILE embryonal rhabdomyosarcoma 
às a specific entity 1s not à common 
tumor, during the past decade it has been 
recognized among clinicians and patholo- 
gists alike as the most common form of 
tumor of striated muscle origin. Lawrence 
and his group? reported on 48 cases, exclu- 
sive of primary lesions of the head and 
neck over a 24 vear period (1934-1949) at 
the Memorial Center for Cancer and Allied 
Diseases, New York Citv. Stobbe and 
Dargeon'? reported their experiences with 
15$ cases over a 19 year period (1931-1949), 
and over the next 7 years Moore and 
Grossi!? reported 37 cases, also at the Me- 
morial Center. Both of these latter series 
were cases involving the head and neck re- 
gion. Dito and Batsakis? reviewed 161 cases 
reported in the American and English 
literature and added their observations on 9 
additional cases of rhabdomvosarcoma aris- 
ing in the head and neck region and 
treated at Walter Reed General Hospital. 
The relative lack of radiotherapeutic de- 
tails pertaining to radiosensitivitv, as well 
as the somewhat divergent opinions in the 
oncologic literature concerning local radio- 
curabilitv, and the paucity of such informa- 
tion 1n the radiologic literature have stimu- 
lated us to report our series. Twenty pa- 
tients with embryonal rhabdomvosarcoma 
treated in the Radiation Therapy Section 
of Walter Reed General Hospital, Washing- 
ton, D. C., during the period July, 1956 to 
July, 1963, comprise this series. The histo- 
logic diagnosis of embryonal rhabdomyo- 
sarcoma was confirmed by our pathology 
staff. 
HISTORICAL NOTE 
The first reported case of what was 
probably a rhabdomyosarcoma appeared 


in 1854 when Weber described a localized 
enlargement of the tongue of a 21 vear old 
man.'* This was excised but later recurred. 
It was made up of striated muscle cells in 
all stages of differentiation from adult to 
embryonal forms. Other case reports in the 
literature, not all of which are verified, were 
by Billroth (1850), Buhl (2 cases, 1865), 
Ribbert (2 cases, 1891), and Baver (orbit of 


child, 1882). The first large series of cases 


Journal of the National Cancer Institute 
described a spontaneous transplantable, 
mature type of rhabdomyosarcoma in 
strain C mice." This tumor was similar to 
such tumors in man, but contained a more 
adult type of cells with intact cross-stria- 
tions and myofibrils. In 1946 Stout! pre- 
sented a clinicopathologic study of 121 
cases. Subsequent series of cases have been 
reported by Pack and Eberhardt," Horn 
and Enterline,^? Phelan and Juardo,'! Dito 
and Batsakis,"* Albores-Saavedra e£ al, 
and Patton and Horn.” The various types 
of rhabdomyosarcoma occurring in child- 
hood have been the subject of reports bv 
Areán and MarciabRojas, Pinkel and 
Pickren,'* Bowman,! and Bailey e a/.’ 


GROSS APPEARANCE 

The gross appearance of embryonal 
rhabdomyosarcoma reveals little in the 
way of characteristic findings except for the 
botrvoid variant. Most arise in muscle; 
however, a few of the nonbotrvoid tumors 
arise where striated muscle does not ordi- 
narily occur, z.e., the distal phalanx of the 
thumb and mandible. The color may be 
white, reddish-pink or red. The consistency 
varies from soft to firm depending on the 
amount of collagen present. The presence of 


* From the Radiology Service, Walter Reed General Hospital, Washington, D. C. This material has been reviewed by the Office 
of The Surgeon General, Department of the Army, and there is no objection to its presentation and/or publication. This review does 
not imply any endorsement of the opinions advanced or any recommendation of such products as may be named. 

T Chief, Radiation Therapy Section, Tripler General Hospital, Honolulu, Hawaii, Formerly, Research Fellow and Assistant Chief, 
Radiation Therapy Section, Walter Reed General Hospital, Washington, D. C, 
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poorly demarcated, soft yellow regions or 
cysts is the result of degeneration or necro- 
sis. There is great variation in tumor size. 
The botryoid tumors have an appearance 
similar to myxomatous, edematous polyps. 
In the palate or r asopharyny, the mucosa 
OV erlying the tumor is bulging, and often 
there is a poorly defined ulcer with a granu- 
lar base or a fungating, granular mass. 


Stobbe and Dargeon!® warn that some of 


the tumors within skeletal muscle mav give 
a false appearance of cir cumscription or en- 
capsulation. 


MICROSCOPIC APPEARANCE 


The classification of rhabdomyosarcomas 
UE in is series Is s the e outlined by 
93 . The tumors 
are M E M Into 4 ge us pleo- 
morphic, alveolar, embryonal, and bo- 
tryoid. Microscopically, the pleomorphic 
variety is relatively pure and is found 
mainly in older adults. The other 3 types 
often intermix and occur mainly in chile en 
and young adults. 

The pleomorphic type is principally 
spindle cell tumor and usually contains 
little collagen. Its cellularity and pleo- 
morphism distinguish it from a fibrosar- 
coma, Strap-like or ribbon-shaped cells are 
present which have bright eosinophilic 
cytoplasm. Some are multinucleated, Long- 
itudinal myofibrils or cross-striations may 
be seen, but these are not necessary fo 
make me diagnosis. 

The alveolar tvpe shown in Figure 1 is 
characterized. by “alveoli” separated by 
connective tissue trabeculae of varying 
vascularity. One or more lavers of cells are 
usually applied to the trabeculae. The cen- 
ter of each alveolus appears empty except 
tor varying numbers of freely floating cells 
unattached to one another. Single or multi- 
nucleated giant cells may be present, and 
longitudinal or cross-striations may be 
seen in these or in smaller cells. Some tu- 
mors show a narrow foot between trabeculae 
and cells adjacent to them suggesting that 
many of the trabeculae are really giant 
muscle fibers with the nuclei situated in 
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Vic. 1. Alveolar rhabdomyosarcoma. 
lateral cytoplasmic extensions. Varving 
degrees of pleomorphism may be seen. One 
of our cases contained solid em brvonal 
areas. 

In the embryonal varietv the basic cell 
type is long, slim and spindle -shaped, 
tapering to thin bipolar processes. There 
is usually a ee central nucleus and 


B. S oR ain my ‘ofbrils | may he Nn) 
C ross-striations mav also be seen as shown 
in Figure 3. Sometimes these cells are en- 
larged about the nucleus, and, when the 
nucleus is near one end, the cell may havea 
a tadpole shape. At times, the tumor mav 
have a myxoma-like appearance with small 





2, Embryonal rhabdomyosarcoma showing 
loosel y arranged spindle cells. 


Fic. 2 
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Fmbrvonal Rhabdomvosarcoma 





lic. 5. Embryonal rhabdomyosarcoma 
showing cross-striations. 


cells. Small or large round cells may also be 
present as shown in Figure 4. Two of our 
cases contained giant cells. In a few in- 
stances they were multinucleated, and some 
ot the cells were fused into a syncytial mass. 
One of our cases contained elements of 
leiomyosarcoma, neurofibrosarcoma, and 
fibrosarcoma. 

The botryoid type resembles the em- 
brvonal variety microscopically but differs 
in gross appearance and location. Typical 
locations include the nasopharynx, middle 
ear, maxillary sinus, genitourinary tract, 
and common bile duct. The primary lesions 
are polypoid, edematous, centrally hy pocel- 
lular, and covered by normal mucous mem- 





Fic. 4. Embryonal rhabdomyosarcoma 
showing round cells. 


Fic. s. Botryoid rhabdomyosarcoma. 


brane at the site of origin. A characteristic 
feature, which may or may not be seen, is 
the "cambium laver" of Ni 






icholson. This is 
a multilayered band of short spindle cells 
with relatively little cytoplasm lying paral- 
lel to the mucosal surface of the tumor just 
beneath the mucosa. These have shown a 
high rate of mitotic activity. A low-power 
view of the botrvoid type is shown in Figure 
5, and the "cambium laver" of Nicholson 
in Figure 6. 

Cross-striations are helpful but not essen- 
tial in diagnosing any of the types of rhab- 
domyosarcoma. Normally developing stri- 
ated muscle, corresponding to the stages of 
embryonal and alveolar rhabdomvosar- 
coma, frequently does not have cross-stria- 








Fic. 6. Botryoid rhabdomyosarcoma showing 
"cambium laver" of Nicholson. 
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tions. Hence their absence 1n these tumors 


may be expected. In 1962 Patton and 
Horn? reported a study of muscle from the 
arm and thigh of 16 human embryos and 
fetuses. An attempt was made to correlate 
the morphology of developing muscle with 
that of rhabdomyosarcoma. Embryonal 
rhabdomyosarcoma closely resembled de- 
veloping muscle in the 7 to 10 week fetus, 
and the alveolar pattern resembled dev elop- 
ing muscle at 10 to 12 weeks. The presence 
of alveolar and embrvonal areas together in 
some of the tumors was a reflection of a 
similar finding in fetal muscle. Cross-stria- 
tions were present at 10 weeks but were not 
prominent until 14 weeks. In contrast, the 
authors felt that the pleomorphic rhab- 
domvosarcoma with its pattern of marked 
E uc a absence : o anv 
e à pr NM of pc cete of 
adult striated muscle. 

Since in essence the botryoid and alveolar 
tvpes are felt to be subvariants of the em- 
bryonal rhabdomyosarcoma, we included in 
our series onlv the alveolar, embrvonal, and 
botrvoid types of rh abdomy osarcoma, Be- 

cause of the difference in the age group, dif- 
ference in clinical activity and therapeutic 
response, as well as the histologic differ- 
ences, examples of the pleomorphic variety 
were omitted. Likewise, because of certain 
clinical and pathological criteria which 
separate them from the over-all group, 
cases of sarcoma botrvoides of the geni- 
tourinary tract (prostate, uterus, bladder, 
vagina) were not included in this study. 

In our series an original diagnosis of em- 
bryonal rhabdomyosarcoma or one of its 
subty pe variants was made in 12 instances. 
The other 8 cases included incorrect origi- 
nal diagnoses of hemangiosarcoma, undit- 
ferentiated sarcoma, undifferentiated ma- 
hgnant mesenchymoma, lvmphoepitheli- 
oma, anaplastic carcinoma, and reticulum 
cell sarcoma. More frequent recognition 
and reporting of embryonal rhabdomvo- 
sarcoma will occur as clinicians and pathol- 
ogists become more aware of 1ts existence 
and the criteria required for its diagnosis. 


Robert W. Edland 
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CLINICAL FINDINGS 


Age, Sex and Race. Our 20 cases were 
rather equally divided between children 
and adults, 12 being under age 11. The ages 
at Heiss for the 8 adults varied from 19 
to 67 years, with a mean age of 30 years. 
The tumor appeared at 18 months oi age in 
our youngest patient. Our series 1s thus 
more heavily weighted with adult patients 
than the series of Moore and Grossi,'® and 
Lawrence e£ al.’ The over-all sex distribu- 
tion showed a slight preponderance of males 
(11 to g) over females, which corresponds 
with the findings of other observers. Three 
of our patients were Negroes. 

Anatomic The 





Distribution. anatomic 
distribution of the primary tumors in our 
series 1s best PES ated bv the schematic 
diagram in Figure 


The distribution. a the primary tumors 
in these patients falls roughly into 4 ana- 


Schematic representation of anatomic dis- 
tribution of cases of embryonal rhabdomyosar- 
coma in the present series, Open circles represent 
liver primary lesions, 
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Tage f 


HISTOLOGIC TUMOR SUBTYPE BY 
ANATOMIC LOCATION 


Em n 3 Botry 2 


Site lota 
onal oid lar 
Head and Neck — 7 2 I 10 
Retroperitoneal n o o 3 
Extremity and 
Torso 3 o 2 $ 
Liver 1 I o 2 
Total 14 3 3 20 


tomic groups (Table 1): (1) the head and 
neck region (10 patients); (2) retroperi- 
toneal region (3 patients); (3) extremities 
and torso (§ patients); and (4) the liver (2 
patients). In contrast to the sex relation- 
ship reported by Lawrence et a/.,° all our 
retroperitoneal cases were in females and 
all our extremity cases were in males 
(Table 11). The preponderant tumor was 
the embryonal rhabdomyosarcoma but the 
alveolar variant was noted in 3 cases and 
the botryoid variant also in 3 instances 
(Table 1). 

Symptoms. The most common symptom 
associated with embryonal rhabdomvo- 
sarcoma was the presence of a mass, noted 
in 13 of our 20 patients. This was uniformly 
true in our patients with extremity and 
torso (girdle) primary lesions and in 7 of the 
10 patients with head and neck primaries 
(Table 11). Pain as a presenting symptom 


was encountered in only 4 of our cases (2 of 
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ur * 


the 3 with retroperitoneal primary tumors); 
1 head and neck case presented because of a 
pulmonary lesion, and 1 case with a hver 
primary tumor because of obstructive 
jaundice. 

The mean interval between initial symp- 
toms and pathologic diagnosis was 3.5 
months for the entire group (Table 1v) and 
interestingly enough the mean interval tor 
both the head and neck and retroperitoneal 
tumors was 3.7 months. This relatively 
long waiting period for the head and neck 
lesions may be related to the fact that in 5 
patients the lesions were located in the 
nasopharynx, maxillary antrum or nasal 
cavity. The uniform failure in treatment of 
large retroperitoneal primary lesions is, in 
general, the experience of others, which fur- 
ther supports the concept of à relatively 
"silent period” of significant initial growth 
in this location. 

Physical Examination. The major phvsi- 
cal finding in our patients was the presence 
of an abnormal mass. The presence of re- 
gional lymphatic involvement at initial 
examination was uncommon. One patient 
with a head and neck (temporal) primary 
lesion had initial neck lymph node involve- 
ment which was proven to contain meta- 
static disease (Table v); also 1 patient with 
a retroperitoneal primary lesion had metas- 
tases to iliac and abdeminal lymph nodes 
(surgically). During the course of clinical 
evaluation after diagnosis, however, 6 cases 
proved to have clinical lymph node involve- 
ment. In 1 head and neck case metastatic 
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SEX OF PATIENTS AND ANATOMIC LOCATION OF PRIMARY TUMOR 


————————————————————————»———————————————————————— 


Male Female 
S i te Peete sts saut ee ATE ee Aa a OE C dl ee ewe Oe SON INDE UNI L freee ee TNE ONT Te) eee PENDIENTE EPIIT NOTED GA ish iin el Hut a al rani E oat A eae PLN DISTR EE seek 
Living Dead Total Living Dead T ord 
Head and Neck 1 5 ó Oo 4 4 
Retroperitoneal O o O O 3 3 
Extremity and Torso 3 2 5 © O o 
Liver O O o 2 o 2 
Total 4 1I 2 7 9 
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RELATIONSHIP OF FIRST SYMPTOM NOTED TO ANATOMIC SITE OF PRIMARY TUMOR 


F No. of ! TN ary 
Site CUM Mas ait j 1e 
Patients e in Metastases EUR 
Head and Neck 10 7 I 1 l 
Retroperitoneal E. 1 2 o © 
Extremity and Terso 5 5 o Oo O 
Liver 2 o I o 1 
20 13 4 i 3 
esions to the thoracic vertebrae were noted had a more indolent growth pattern (2 pa- 
and treated before death. A pulmonary tients with head and neck and 1 with ex- 
metastasis was noted initially in 1 case, tremity primary lesions). 


and 1 case had liver metastases. Subse- 
quently, 6 patients were known to have 
pulmonary metastases, and 3 prior to death 
had liver metastases. The autopsy findings 
in 10 of our 14 deceased patients are pre- 
sented in Table v. The central nervous 
system involvement was minimal. Two 
cases revealed epidural metastases with 
cord compression at autopsy. 

Seventeen of our cases exhibited a rapid 
or aggressive growth pattern, either in 
terms of growth of the primary lesion or 
subsequent metastases. Three of our cases 


Tasik IV 


INTERVAL BETWEEN FIRST SYMPTOM AND 
DIAGNOSIS AND TREATMENT 


" Mean 
No. of 
Site Pear Interval 
‘cur (mo.) 
Bi id and Neck 10 347 
Living 1 8.0 
Dead 9 25 1 
Retroper itoneal 5 mon 
Living o O 
Dead ie nu 
Extremity and Torso 5 3.4 
Living 3 4-3 
Dead 2 2:0 
Liver 2 2E 
Living 2 2055 
Dead © 


TREATMENT 


The 20 patients in this series were all 
treated in the radiotherapy department, 
either for the primary tumor or for metas- 
tases. Thirteen of our cases had received 
prior definitive therapy of a surgical nature 
(more than biopsy for diagnostic purposes). 
This is summarized in Table vr. Surgery 
included attempted initial total excision or 
extirpation in 8 cases, and partial excision 
or palliative surgery in 5 cases. Two cases 
were operated on after initial radiation 
therapy, 1 with a curative intent and 1 for 
palliation. In 15 patients primary sites were 
irradiated with a locally curative intent 
and in 2 with a palliative intent. In 12 
cases, metastatic sites were irradiated. 

Over-all treatment consisted of irradia- 
tion alone in § cases, and irradiation, sur- 
gery, and chemotherapy in various com- 
binations | in the remainder. In none of our 
cases was there an appreciable delay be- 
tween a definitive pathologic diagnosis and 
the institution of some form of ther: apy. 

Eleven of 20 patients received systemic 
chemotherapy at some time during their 
course. The agents emploved and their re- 
sponses are listed in Table vir. Only . 3 SIg- 
nificant responses were obtained, 1 in a 
head and neck primary lesion with actino- 
mycin D and 2 in liver primary lesions with 
vincristine. It should be pointed out, how- 
ever, that chemotherapv was usually not 
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Tasie V 
INCIDENCE AND SITES OF KNOWN METASTATIC LESIONS IN 14 DEAD PATIENTS 
Site 
No. of tac uae AS T A ENE Snes ee LUE ud = 
Metastases Present Central | 
Patients — 4: Lymph 
Nervous Lung Liver : Bone 
o Nodes 
System 
\t time of primary treatment 4 O 1 1 2 o 
„ater in course pi 1 6 3 6 1 
» autopsy* 1o 2 9 6 8 3 
* Four cases were not autopsied. 
Tage VI 
SUMMARY OF TREATMENT BY ANATOMIC SITE* 
Bo ate Gite No. of m Curative Palliative een 
xl: Patients Initially t Irradiation Irradiation for Metastases 
dca and Neck 10 5 8 1 4 
tetroperitoneal 3 3 ^ © 4 
extremity and Torso 5 E 3 o 4 
Aver 2 © 1 I O 
20 13 1s 2 12 


E d ————————PRPRRRRRRRRRRRRRRRRRRPRRRRRRRRRREAI 


* In addition, 11 patients received chemotherapy, 
t More than biopsy for diagnostic purposes. 


mployed initially, and most of the patients 
t the time of institution of chemotherapy 
vere poor candidates for evaluation, and 
iad evidence of rather advanced disease, 
isually with metastatic spread. One case of 

liver primary lesion (embryonal) was 
iven only one palliative tumor dose of 300 
and then was placed on vincristine, due to 
vidence of disseminated disease. She has 
triking clinical evidence of marked regres- 
ion, and, although the prognosis is, of 
ourse, very grave, her response to this 
gent has been very dramatic. 

The most commonly used agent was 
ctinomycin D. Reports by Pinkel and 
'ickren'* and Tan ef a/.'* suggest significant 
renefit with this agent in some cases, when 
mployed for palliative therapy. Only tout 
f £ of our cases showed a significant clinical 
esponse to this agent. 


RESULTS OF TREATMENT 


Fourteen of our patients are now de- 
eased. The mean survival time from treat- 








ment (institution of initial) for all patients 
was 10.3 months. Those with head and 
neck lesions had a mean survival time of 11 
months, those with retroperitoneal lesions 
9.3 months, and those with lesions of the 
extremities ie months (Table vim). 

summary of the treatment plans in the liv- 
ing cases Is presented in Table ix, and a 
summary of the deceased cases in Table x. 
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TYPE OF CHEMOTHERAPY RECEIVED BY 
Ii OF 20 PATIENTS 


PN meet C —————————————————— REPRE 





ee No. of Significant 
+ e " ^ + 
5 Patients Response 
Actinomycin D g 1 
Nitrogen Mustard 1 O 
Metasarcolysin i o 
Cytoxan-Metacorten I O 
Vincristine 2 2 
Vinleukoblastin r O 

IE 3 
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Tase VIII | aoe 
SURVIVAL TIME (TREATMENT TO DEATH) IN : E E E A E HN 
14 DECEASED PATIENTS = 32 2s ae ay E ee 
i FE Fe ag ii : “a Ss 
No. of Mein Ub 85 Bo 6 | fügt 
Ps Patients Sura 22 22 22 22 à dois 
E 65 28 58 8 o o 
Head and dier 9 11,0 SB mA A nd 
Retroperitonea : d 
dia ie and Torso : ee bs AA du. AR 2s 
rt 00 C99 Bes ll TT n 
BÉBSSUITT EAD: 
SPTUEIIZII 
There were no long-term survivors, but MOON M S 
considering the aggressive nature and usual 3 335 3 " 
behavior and outcome of embryonal rhab- i 1 33 E E 
domyosarcoma, we do not feel that the E : = ? *d 5g 
reporting of such a series need be delayed z TEE § 4s 
for a § year survival group. E . 
The 2 patients with liver primary lesions : E lS Ê 
are living at 10 months with rather striking 5 E 2 > 5 B 
chemotherapeutic responses to vincristine, : E a Š gs E ; 
added after radiation therapy (palliative p 5 << 2 2 > 
irradiation in 1 instance) (Table rx). The a m "T 
ave a. O0 H g a 
prognosis is, of course, very guarded, butat 2 x i BOIS 8 3 3 = 
present, they are healthy, gaining weight, m 3 EE ; E E 3 
and show no evidence of jaundice or sys- S ý 5 
temic disease. One patient is alive with- 3 ue da à 
out evidence of disease who had head and 7 cE 3 E : 
neck involvement (a botryoid primary É dg E : E F E i 
lesion of the nasopharynx) 36 months after E 
definitive treatment by irradiation of the "lí Ees |. « a 2 mw 
primary tumor, followed by actinomycin [GE BE B 
D and radiation therapy of an apparently iib 3 
solitary lung metastasis, 4 months after HETE x. oe a ee 
treatment of the primary lesion. ABE E 
Three cases with extremity and girdle E: 
(torso) lesions are living. In 1 (S.D.) the à $ E 3 
primary tumor was treated surgically and B3 3 S a Ss y 
dy soli SOMB 3 $ x i 
an apparently solitary pulmonary meta- d 
static lesion was irradiated to a tumor dose Lo E E 
of 6,000 r. J $ OR £ 1 E 3 
The autopsy findings have been previ- ees a d & 3 AB 
ously referred to in 10 of our 14 deceased FE go "o3 X no 
patients (Table v). In addition to the more E k k Es 
common tabulated sites (regional and dis- = n . 
tant lymph nodes, lung, liver, bone, central $5 |u 9s a Bos 8 


nervous system), other sites of metastasis 
were: kidney (2), soft tissues (2), spleen és 
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(1), and bladder-uterus-vagina (1). Pleural 
and peritoneal surfaces, particularly about 
the diaphragm, were the sites of metastases 
in 2 patients. 

This widespread dissemination further 
confirms the impression of other authors 
that embryonal rhabdomyosarcoma is an 
aggressive, rapidly growing, and metas- 
tasizing neoplasm. That this metastatic 
tendency is not universal, however, 1s evi- 
denced by the fact that 1 of our cases 
(D.H.), who presented with an embryonal 
primary tumor of the right antrum, died 9 
months after external beam treatment, of 
local extension-—with no evidence of meta- 
static spread on postmortem examination 
(Table x). 

External beam therapy was employed al- 
most exclusively. The quality varied with 
tumor site, from a half value layer of 1.02 
mm. Cu to 9 mm. Pb. One patient (J. L.) 
with a left temporal primary lesion (alveo- 
lar type) received a tumor dose of 4,000 rin 
31 days and the lesion was then implanted 
with radium for an additional tumor dose 
of 2,500 r. The involved left neck lymph 
nodes were treated to a tumor dose of 
4,800 r in 17 days. Tumor ablation was 
achieved locally in the temporal fossa, but, 
despite the short interval of delivery and 
good initial regression, permanent control 
of the neck lymph nodes was not achieved 
and the patient died of disseminated me- 
tastases 12 months following treatment. 

It is our feeling that, in general, one can 
seldom encompass the entire tumor with à 
radium implant (same inherent defect as a 
surgical approach) and we therefore prefer 
moderately large portal external beam 
therapy. 


COMPLICATIONS OF RADIATION THERAPY 


In 1 case (R.J.) a hand primary lesion 
was irradiated with a planned accelerated 
course (2, 100 r tumor dose in 15 days) as a 
contemplated preoperative procedure. He 
subsequently developed evidence of dis- 
seminated disease and surgery was not per- 
formed. He died 8 months after irradiation 
with evidence of extensive local necrosis. In 


Robert W. Edland 


Marcu, 1965 


another patient (C.D.) a primary lesion of 
the left ear was treated surgically, and the 
subsequently positive neck and supraclavic- 
ular lymph nodes on the left were treated 
with two courses of radiation therapy (4,000 
r tumor dose in 33 days and 4,000 r tumor 
dose in 27 days) with an interval of 6 
months between treatments. Local neck 
control was achieved but the patient de- 
veloped contractural changes which result- 
ed in a "frozen shoulder" and a useless 
arm. She died of disseminated disease 11 
months after the original course of radia- 
tion therapy. 

Three patients developed localized. pul- 
monary fibrosis after treatment of meta- 
static lesions, but this was not, in iteslf, dis- 
abling in any patient. Small-portal con- 
vergent techniques were employed in the 
main, although one lesion was treated with 
a rotational technique. 

During life, no clinical evidence of radia- 
tion nephritis was encountered, although 1 
patient (M.R.) with a retroperitoneal pri- 
mary lesion had evidence of marked uni- 
lateral radiation nephritis at autopsy 
(5,150 r tumor dose in 36 days). 


RADIOTHERAPEUTIC TIME-DOSE “REGRES- 
SION" OR “RESPONSE AND LOCAL 
CONTROL OR TUMOR ABLATION 


Our experience with embryonal rhab- 
domyosarcoma as pertains to survival fig- 
ures in general parallels that of several re- 
ports in the literature. If, however, one 
wishes to assess the effectiveness or relative 
merits of one form of therapy compared to 
another (.e., irradiation and surgery), one 
must consider the local curative effective- 
ness of the modalities. The natural history 
of a tumor, of course, influences outcome 
and clinical prognosis, and, on occasion, 
choice of the primary therapeutic modality. 
We are concerned here in our radiothera- 
peutic techniques with two main factors—- 
initial tumor regression (palliation) and 
tumor control (local ablation). 

If the radiosensitiviy of embryonal rhab- 
domyosarcoma were to be based on initial 
regression of tumor mass and relief of pain 
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Taste XI 
LOCAL RESULTS OF TREATMENT OF PRIMARY SITES IN 17 CASES 
s No. of Local Significant No Significant 
Treated ANS s S D 
Patients Control Regression Response 

Head and Neck 9 k 8 1 
Retroperitoneal 3 1 3 o 
Extremity and Torso 3 2 3 O 
Liver và o I pt 

Total 17 6 15 2 
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* One treatment of 300 r tumor dose given and patient then placed solely on vincristine. 


and associated symptomatology, then the 
responses of both the primary and second- 
ary (metastatic) lesions treated in our se- 
ries would indicate moderate sensitivity or 
radioresponsiveness. A significant response 
was noted initially in 15 of 17 cases of 
primary lesions and 8 of 12 cases of meta- 
static lesions (Tables xr and xin). If 
“moderate” doses were utilized (preferably 
4,000 r tumor dose 1n 4 weeks), rather uni- 
form regression and temporary response 
were obtained. 

Permanent control, however, as evi- 
lenced by prolonged freedom from recur- 
'ence clinically, negative roentgen studies, 
ind, more importantly, evidence of /oca/ 
umor ablation on autopsied cases, re- 
juired a significantly higher dose. Local 
:umor ablation or control was obtained in 6 
f 17 patients in whom primary sites were 
rradiated (Table x1) and in § of 12 patients 
vith metastatic foci (Table x11). 

Time-dose responses are analyzed in 
‘igures 8 to 10. In this series there were no 


appreciable differences in the time-dose re- 
sponses (for local ablation) between pri- 
marv and metastatic lesions. The two cases 
which developed necrosis or significant 
complications are indicated by the kevs 
to Figure 8 to 1o. Tumor control or abla- 
tion could be obtained (not uniformly) 
with a tumor dose of 5,000 r in 5 weeks; 
however, more predictable tumor control 
required a tumor dose of about 6,000 r in 6 
weeks. 

The apparent responsiveness or sensitiv- 
ity of the tumor, thus, initially is moderate, 
but local control or ablation requires a 
time-dose relationship in excess of 5,000 r 
tumor dose in § weeks, and preferably a 
tumor dose of 6,000 r in 6 weeks. In gen- 
eral, in the head and neck region, this can 
be administered, if one is willing to accept 
the sequelae of irradiation to adjacent more 
sensitive structures (7.e., the eye). We do 
not, however, consider this a complication 
of head and neck irradiation for orbital and 
antral lesions, since it is a planned and ac- 
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LOCAL RESULTS OF TREATMENT OF METASTATIC LESIONS IN 12 CASES 
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No Control but No Significant 
Site Treated Control MESA 8 Total 
Significant Response Response 

Lung 3 oO 1 4 

Nodes 2 1 3 6 

Soft tissue O I OQ I 

Bone O I o I 
Total 5 ] 4 12 
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Fic. 8. Scatter diagram illustrating "time-dose" relationships of treatment plans in 17 primary sites and 
the therapeutic results. Closed circles represent failure of local control or ablation. Triangles represent 
treatment plans resulting in local "control." The ringed triangle represents a significant complication. 


B,000 
7,000 
6,000 
5,000 


4,000 


3,000 


Administered Dose (Roentgens) 





5 io 15 20 25 30 35 40 45 50 55 6o 


Time (Days) 


Fic. 9. Scatter diagram illustrating "time-dose" relationships of treatment plans in 12 metastatic sites and 
the therapeutic results. Closed circles represent failure of local control or ablation. Triangles represent 
treatment plans resulting in local "control," The ringed triangle represents a significant complication. 
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Fic. 10. Composite scatter diagram illustrating 


“time-dose”’ 


relationships of treatment plans in 29 sites 


(primary and metastatic combined) and the therapeutic results. Closed circles represent failure of local 


control or ablation. Triangles represent treatment plans resulting in local “control. 


represent a significant complication. 


cepted risk or price to pay for a local thera- 
peutic "cure." 

It is our feeling that, since these lesions 
do respond and can be controlled locally by 
“radical” irradiation, initial radical radia- 
tion therapy is the treatment of choice—- 
especially in the head and neck region. This 
modality of primary. therapy is also the 
choice of Moore and Grossi!® for primary 
lesions of the head and neck. This opinion 
is also based on the fact that most head and 
neck lesions as well as many girdle, torso, 
and retroperitoneal primary tumors do not 
usually lend themselves to complete surgi- 
cal excision and extirpation. The more 
peripheral extremity lesions may be best 
treated by radical surgery (7.e., amputa- 
tion) if detected early and if there is no evi- 
dence of dissemination. The torso, girdle 
and retroperitoneal lesions are best 
treated by a combination of both radical 
surgery and irradiation. This combined ap- 
proach deserves further evaluation as a 
planned procedure. The problems inherent 
in delivering a large-field exposure dose 


" The ringed triangles 


greater than 4,000 to 5,000 r tumor dose 

can be readily y appreciated when one 1s deal- 
ing with a liver or retroperitoneal primary 
lesion, especially with reference to the sen- 
sitivity of adjacent structures. 

This implies a philosophy of treatment of 
maximal hope for the patient who does 
present with an apparently localized lesion, 
despite our present knowledge of the ag- 
gressive nature and early metastatic ten- 
dencies of this tumor. 

It is our feeling that surgery, unless early 
and widely circumferential, does tend to 
disseminate the tumor even more rapidly, 
and therefore we do not advocate a “de- 
bulking” surgical procedure initially for 
primary lesions of the head and neck. Mas- 
sive doses of radiation (7,000 to 8,000 r 
tumor dose) are not, in our experience, 
necessary for local control. 


SUMMARY AND CONCLUSIONS 
Twenty patients with embryonal rhab- 
domyosarcoma in a primary site other than 
the urogenital tract have been reviewed. 
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Twelve of our cases were children and 8 
were adults. The histologic characteristics 
of the tumor types have been discussed. 
The anatomic location and histologic sub- 
types have been presented. Fourteen em- 
bryonal, 3 botryoid and 3 alveolar ty pes in 
the [olli locations comprise our series: 
head and neck, 10 patients; liver, 2 pa- 
tients; retroperitoneal, 5 patients; and ex- 
tremity and torso, § patients. All of our 
retroperitoneal primary lesions occurred in 
females, and all extremity and torso pri- 
mary lesions were in males, with the over- 
all sex distribution showing a slight pre- 
dominance of males. The intervals between 
the first symptom and pathologic diagnosis 
and between treatment and death in our 
failures were all quite short and onlv 6 pa- 
tients are now alive. We have no long term 
survivals, aithough 3 patients are alive at 
j years font definitive therapy, 
without C of disease, Three of our 
living cases had extremity lesions and only 
I survivor (3 vears) had a head and neck 
primary lesion. The 2 surviving cases with 
liver primary lesions are not expected to 
represent "cures" or tumor control. 
Analysis of treatment methods revealed 
the fact that the only survivor with head 
and neck involvement was treated by tr- 
radiation and chemotherapy. The other 
presently surviving patients (with extrem- 
ity primary lesions) were treated surgically 
with reference to the primary tumor. Post- 
operative radiotherapy for residual local 
disease was required in 1 case, and meta- 
static sites were treated in the remaining 
cases. Apparently, early metastases are not 
widely disseminated in all cases, and the 
presence of a solitary pulmonary lesion 
should not necessarily preclude radical 
Fen nen M Ur 3 IURE rA 


E treated ond lung m. That 
embryonal rhabdomyosarcoma initially is 
moderately responsive to radiation is evi- 
denced by the significant regression noted 
in 15 of 17 cases with primary lesions and 8 
of 12 patients with metastases. Local “‘con- 
trol,” however, was obtained in only 6 pri- 
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mary sites and § metastatic sites. Our series 
is not sufficiently large, in any anatomic 
area, to definitely establish radiation ther- 
apy as the modality of choice, but it should 
be pointed out that there is little informa- 
tion in the literature as to time-dose rela- 
tionships with reference to the treatment of 
embrvonal rhabdomyosarcoma. It is our 
feeling that in the past insufficient dosage 
has been employed in a so-called "curative" 
attempt locally (7.e., a tumor dose of 4,000 
r or less in 4 weeks), resulting in regression 
without permanent local control. 

The response to chemotherapy was, in 
general, disappointing, although in 1 pa- 
tient à significant response to actinomycin 
D and in 2 striking responses to vincristine 
were obtained. Further evaluation of vin- 
cristine and vinca compounds is probably 
indicated to establish the efficacv of this 
agent, either palliatively or in combination 
with the other definitive modalities, in the 
treatment of the soft tissue sarcomas. 

Our experience with embryonal rhab- 
domyosarcoma would indicate that it is 
not, in fact, a very radiosensitive tumor, 
but that it can be controlled or ablated 
locally with a relatively high degree of as- 
surance, provided a proper time-dose rela- 
tionship is maintained (7.e., a tumor dose of 
6,000 r in 6 weeks). The decision to initially 
employ radical radiation therapy will, of 
course, depend upon the clinical extent of 
disease when the patient presents for treat- 
ment. 

Analysis of our series indicates that, i 
general, radical radiation therapy is e 
treatment of choice for the initial appar- 
ently localized primary tumor (except per- 
haps for extremity locations). However, 
the natural history of the tumor and usual 
clinical course, as manifested by a rapid 
growth rate and relatively early widespread 
metastases, is followed all too frequently by 
failure of all attempts at therapy. 
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LIFE HISTORY OF MELANOMA* 


By GORDON McNEER, M.D., and TAPOSH DAS GUPTA, M.D.f 


NEW YORK, NEW YORK 


WO cutaneous lesions—nevi and mela- 

noma—are inevitably related in medi- 
cal thinking either because of the likelihood 
of evolution of the benign into its malig- 
nant counterpart or because of the frequent 
difficulty in differentiating the two lesions, 
one from the other. 

Pack eż al. have noted that the average 
white individual harbors at least 14.6 nevi 
of one type or another. It was Allen and 
Spitz,! however, who pointed to the signifi- 
cance of the junctional change and made 
the observation that the junctional or com- 
pound nevus occurs most frequently on the 
hands, feet and genital areas. 

In 100 unselected individuals examined 
by Allyn e£ al? the over-all incidence of 
nevi on the palms and soles was 14.3. The 
darker the skin, the greater was the inci- 
dence of nevi in this series. Usually, there 
was only one lesion per anatomic site. Pal- 
mar distribution was fairly uniform, 
whereas on the soles there was a distinct 
concentration along the longitudinal arch. 
Pack, Lenson and Gerber failed, just as 
did Allyn e£ a/.,* to observe a single instance 
of subungual nevus in 1,632 examinees. 
Several authors have described a variable 
sex incidence, but the declining inci- 
dence of nevi with advancing years is gen- 
erally recognized. In a series of patients 
with melanoma at Memorial Hospital, 
there was a distinct concentration of lesions 
on weight bearing points. 

Much interest has centered around Lan- 
caster and Nelson’s® study of the incidence 
of moles and melanoma in red and fair 
haired persons exposed to excessive sun- 
light. Pack ef al. are in agreement with this 
point of view. They have noted the high 
racial incidence of nevi in white persons 


(14.6 per person) as compared with that in 
Negroes (2 per person). 

Several facts arise from epidemiologic 
studies of the relationship of moles and 
melanoma. Subungual nevi are very rarely 
observed; melanoma in this anatomic site is 
not uncommon. Nevi are rare on the soles 
of Negroes’ feet while melanomas are not 
infrequently observed there. The greatest 
number of moles on the feet are not located 
along the weight bearing points as are 
melanomas. 

There is no question that the incidence 
of melanoma among dark skinned races in 
many other countries compares with that 
observed among white people in the United 
States and fair haired Nordics. 


FAMILIAL ASPECTS 


That hereditary factors bear a definite 
relationship to melanoma in animal life has 
been documented by Gordon® and others. 
The influence of heredity on human mela- 
noma was first described by Cawley? and 
later substantiated by Miller and Pack® 
and others. Schoch’s observation of a 
mother and her 2 adult sons, all of whom 
were found to have melanoma at ages of 60, 
18, and 35, respectively, led to cytogenetic 
studies of the chromosomes and other cel- 
lular elements. He concluded that the 
hereditary defect in his cases lay with the 
genes at a "subchromosomal level." 


POSSIBLE ENDOCRINAL RELATIONSHIPS 


Nevi are commonly observed in children, 
young adults and people in mid-life but are 
less frequently seen in those of advancing 
years. Though true melanoma does occur in 
children with extreme rarity, the incidence 
of metastasizing melanoma begins to take 
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gnificance after puberty, increas- 
ing with each decade up to the age of £o, 
thereafter declining moderately but signifi- 
cantly. Primary melanom a of the vulva and 
vagina most commonly occurs in females 
over 60 years of age. The incidence of 
melanoma is greater among females than 
males; however, this may be the result of a 
selective process due to their greater inter- 
est in health measures and personal appear- 
ance. Certainly, females with melanoma are 
younger than males in most stages of the 
disease. 

The influence of pregnancy is a highly 
controversial though moot point. Almost all 
clinicians familiar with the problem have 
observed a number of pregnant females in 
whom a congenital mole, or one of long 
standing, has taken on great growth activ- 
ity, including metastasis. Though this ob- 
servation is one which never fails to impress 
the clinician, there is no question that many 
of these same females had undergone a 
previous pregnancy without demonstrable 
growth activity in the same mole. George, 
Fortner, and Pack? have shown that an 
untoward influence of pregnancy will not 
bear statistical evaluation. In a comparison 
of 115 women, 16 to 43 years old, who be- 
came pregnant during the course of this 
disease with 141 nongravid females of simi- 
lar age, there was no greater incidence of 
growth activity. On the other hand the 
group of pregnant females with melanoma 
had the higher incidence of regional lym- 
phatic metastasis. The § and 10 vear sur- 
vival rate, cancer free, was the same for 
both groups. Though the statistical data do 
not favor such a relationship, we do not be- 
lieve that the subject is closed. 


on real sign 


DURATION OF MOLE 


Melanoma may be of two tvpes, con- 
genital or de novo (Vig. 1 and 2). At varying 
periods after the onset of puberty, a previ- 
ously brown mole mav start to grow, be- 
come darker in color or simply cause itch- 
ing. This may occur at ages 15, 50, or 70. 
Such congenital-type moles should always 
be excised surgically and examined histo- 
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i Congenital type of melanoma demonstrating 
or possibly spontaneous healing. 


Fic. 
central clearing 


logically. The de novo tvpe of melanoma 
occurs prior to puberty with extreme 
rarity. Not too infrequently, however, the 
history may be of several years’ duration. 
In other instances, the growth may be of 
verv recent onset and possess capacities for 
rapid growth and metastasis. 

Appearance of a metastasis prior to aware- 
ness of the presence of the primary melanoma. 
At times, the presence of an enlarged lymph 
node in one of the accessible areas mav be 
the first warning of melanoma, once 
lymphoma has been excluded. Àn exact 








Fre. 


2. De novo type of melanoma of skin of 
right leg. 
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diagnosis requires surgical excision and his- 
tologic interpretation of the lymph node. 


DIAGNOSIS OF MALIGNANT MELANOMA 


The differential diagnosis concerned in 
the management of the case suspected of 
representing malignant melanoma most fre- 
quently includes the following lesions: (a) 
benign pigmented nevus, (b) Jadassohn’s 
nevus, (c) pigmented basal cell epithelioma, 
(d) Kaposi's disease, (e) pigmented sebor- 
rheic keratosis, (f) hemangioma, (g) hema- 
toma, (h) freckles, and (1) juvenile mela- 
noma. 

Surgical excision and histologic examina- 
tion are the only means of determining the 
exact diagnosis. 


UNKNOWN PRIMARY ORIGIN 


Not too infrequently the clinician is 
asked to see a patient with an enlarged 
lymph node in one of the accessible or re- 
gional chains. The patient gives no history 
of previous treatment of a mole; none is 
visible on the body surface or within the 
orifices. The clinical diagnosis may suggest 
lymphoma. A diagnosis of metastatic 
melanoma is rendered by the pathologist 
and, yet, a thorough examination of the pa- 
tient does not disclose the source of the 
metastasis. This occurred in 37, or 3.7 per 
cent, of 992 patients at Memorial Hospital,‘ 
of whom 13 had Stage 111 malignant mela- 
nomas and were hopelessly incurable. Of 24 
patients in Stage 11, Io were cancer free at 4 
years after radical surgical treatment. This 
observation stronglv supports the concept 
of treating cancer where it is seen, if clini- 
cally it appears to be curable. The rationale 
for the occurrence of this apparent phe- 
nomenon is not entirely clear. Nevertheless, 
neither nevi nor melanomas arise primarily 
in the lymph nodes. Many clinicians of 
experience have observed partial regression 
in melanomas, particularly those of the 
congenital type. It is not illogical to sup- 
pose that in these few cases spontaneous 
regression has been complete, especially in 
those who are apparently cured. 
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BIOPSY TECHNIQUE 


To perform a biopsy, with but rare ex- 
ceptions, the entire mole and several milli- 
meters of surrounding skin and underlying 
fat should be excised. Unless unusually ex 
pert pathologic consultation is TUM 
the frozen section technique is not recom- 
mended. Erroneous interpretation of frozen 
section material may produce more serious 
consequences than the few days' delay re- 
quired to obtain paraffin sections. 

If the melanoma is ulcerated or fungat- 
ing, wedge removal of a specimen mav be 
performed. 


LYMPHATIC SPREAD 


In order to determine a logical approach 
to the problem of dissection of the regional 
lymph nodes, the charts of all patients with 
melanoma of the trunk and extremities at 
Memorial Hospital were reviewed. These 
charts contained both clinical and autopsy 
material data. The incidence of lymphatic 
metastasis was recorded for melanoma from 
every anatomic site and the results were 
tabulated. It was, therefore, possible to 
predict with reasonable accuracy the lym- 
phatic drainage area which would be in- 
volved with metastatic cancer in each in- 
dividual case. 


PREDICTABLE LYMPHATIC SPREAD IN 
MALIGNANT MELANOMA 
MELANOMA OF THE UPPER EXTREMITY 


I. Contrary to some opinions, subungual 
melanomas were found to metastasize to 
the lymph nodes of the ipsilateral axilla as 
frequently as primary lesions of the hand, 
finger and forearm (about 30 to 39 per cent 
of cases). Hence, routine radical dissection 
of the axillary lymph nodes would appear 
to beindicated in all instances of melanoma 
originating in the subungual region, the 
fingers, hand, forearm and arm. 

2. Melanomas occurring in the skin of 
the shoulder should be considered sepa- 
rately from the standpoint of potential and 
actual metastasis to lymph nodes. In 8 out 
of to cases of melanoma of the anterior 
shoulder, the presence of metastasis was 
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histologically established in the ipsilateral 
neck lymph nodes; consequently, it is our 
belief that in all such cases a routine radical 
neck dissection is indicated. In 60 per cent 
of the cases of primary melanoma of the 
posterior shoulder, metastases were found 
in the lymph nodes of the ipsilateral axilla. 
We, therefore, feel that in these cases a 
radical dissection of the axillary lymph 
nodes should be performed. 

3. Metastasis to the lymph nodes of the 
epitrochlear area was so infrequently ob- 
served in patients with melanoma of the 
hand and forearm that routine dissection of 
this area does not seem to be indicated. 


MELANOMA OF THE TRUNK 


I. Since there 1s a direct communication 
between the lymphatics of the infraclavicu- 
lar region and the cervical lymph nodes, it 
is our opinion that a radical neck dissection 
should be considered in all cases of mela- 
noma of the infraclavicular region. 

2. The lymphatics from midline loca- 
tions, either anteriorly or posteriorly, drain 
bilaterally to the lymph nodes of the axilla 
or groin, depending upon the anatomic level 
of the midline lesion. Hence, bilateral dis- 
section of the axillary or groin lymph nodes 
should be carried out as indicated. 

3. In melanoma of the lateral trunk, a 
definite zone of demarcation, defining the 
direction of lymphatic spread appears to lie 
at the level of the 8th rib; z.e., below this 
level, lymphatic drainage is primarily 
toward the ipsilateral groin, whereas mela- 
noma above this line generally metastasizes 
to the ipsilateral axilla. In our experience, 
melanoma of the lateral trunk was not 
noted to metastasize to the contralateral 
lymph node bearing area. The appropriate 
management of the lymph nodes, there- 
fore, would depend on the relationship of 
the primary site to the 8th rib. 

4. Melanoma of the suprapubic area 
metastasized bilaterally to the lymph nodes 
of the groin in the few cases observed in this 
series. This, we feel, suggests that a radical 
dissection of both groins should be per- 
formed for melanoma so encountered. 
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MELANOMA OF THE LOWER EXTREMITY 


Metastasis to the lymph nodes of the 
ipsilateral groin is invariably the first 
lymph node involvement from melanoma 
arising from any given anatomic site on the 
lower extremity. 

Metastasis to the popliteal lymph nodes 
is so rare that the possibility of its occur- 
rence should not enter into the concept of 
management of melanoma of the lower ex- 
tremity inferior to the condyles. Interpre- 
tation of our data implies the need for rou- 
tine, radical groin dissection in all patients 
with melanoma originating in the skin of 
the lower extremity. 


SURGICAL TREATMENT 
PRIMARY TUMOR 

The primary tumor is best managed by 
wide excision with or without skin grafting 
under general rather than local anesthesia. 
A skin ellipseis made surrounding the lesion 
at a distance of at least 5 cm., lateral to the 
tumor on either side in the horizontal plane. 
The center or tumor bearing portion of the 
ellipse is placed eccentricallv and distally 
for the reason that local metastasis and/or 
recurrence usually appears proximal to the 
primary site. 


MANAGEMENT OF THE REGIONAL LYMPH NODES 


Surgical removal of the primary tumor 
may be accomplished by excisional tech- 
niques; however, the success or failure of 
the entire management program depends 
on the treatment of the regional lymph 
nodes. 

The clinical stage of the disease, the loca- 
tion of the primary lesion, our knowledge of 
the anticipated lymphatic spread from the 
various anatomic sites, the factors which 
may lead to local metastasis and/or recur- 
rence are all matters of concern in the indi- 
vidual patient. 

SURGICAL TREATMENT ACCORDING TO STAGE 
OF MELANOMA 
Stage 1 and 11. When the disease is clini- 


cally confined to the primary site (Stage 1), 
controversy exists in regard to the manage- 
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ment of the regional lymph nodes. Our 
study shows that in nearly 25.0 per c 
335 intances of clinically negative lymph 
nodes, metastatic melanoma was actually 
present histologically in the surgical speci- 
men. Furthermore, the z year survival rate, 
cancer free, was $3.0 per cent in these pa- 
tients as opposed to 10.0 per cent for those 
in whom the lymph nodes were clinically 
positive for cancer. Hence, it is felt that dis- 
section of clinically negative lymph nodes 
will lead to a muca greater opportunity for 
clinical cure for those who are found to have 
cryptic lymphatic metastases. 

As a result of our clinical and autopsy 
studies, we believe that, for all practical 
purposes, the popliteal and epitrochlear 
ly mph nodes do not share in the lymphatic 
spre id of malignant melanoma. Hence, we 

will describe as regional, the cervical, d 
H ry and inguino-femoral lymph nodes. 

The concept of resecting the primary site 
simultaneously in continuity with the 
regional lymph nodes is just as basic in the 
management of malignant melanoma as in 
all other varieties of cancer, since so per 
cent of Stage 1 melanomas ul metastasize 
to lymph nodes within 10 months of initial 
treatment of the primary lesion. 

The timing of the lymphatic dissection 
would seem to present a problem only when 
one or more major joints separate the point 
of origin from the regional lymphatics. 
Ideally, the optimum time for lymphatic 
dissection is at the first operative seance as 
far as the convenience of the patient and 
the earhest possible phase of the disease are 
concerned. Nevertheless, manv objections 
to this concept have been raised for : appar- 
ently sound reasons. The danger of inter- 
vening metastasis or local recurrence is 
cited as the most logical and valid argu. 
ment against simultaneous but disseparate 
excision of the primarv lesion and the re 
gional ly mphatics. Our investigations hive 
shown that intervening metastasis and/or 
local recurrence occurs in a fairly high per- 
centage of cases (15-30 per cent), no matter 
when the lymphatic dissection is performed. 
This phenomenon was observed most often 
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when numerous metastases were encoun- 
tered in the dissected lymph nodes and only 
rarely in those cases where the lymph nodes 
were clinically negative. Because of the 
high § vear cancer free survival rate in 
these patients, we feel that simultaneous 
dissection of the regional lymph nodes, even 
when the procedure cannot be carried out 
in one continuous surgical field, should be 
performed. 

The capacity of malignant melanoma to 
recur or metastasize locally after seemingly 
adequate surgery is well known (Fig. 3). It 
1S possible, however, that in transit metas- 
tasis may have occurred in microscopic 
form prior to excisional treatment of the 
primary lesion, only to appear beyond the 
marg:ns of the excision later on. This may 
explain the appearance of such lesions after 
both limited and extensive excisional meas- 
ures. Furthermore, not infrequently meta- 
static or "satellite" lesions are observed 
proximal to the primary lesion before anv 
treatment whatsoever has been initiated. 
In general, such isolated or even sparsely 
scattered metastases are proximal to the 
tumor, indicating that spread has occurred 
via the lymphatics. 


Method of treatment and its relation to 
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local metastasis and/or recurrence. Of 468 
patients who were operated on for mela- 
noma in Stages 1 and 11, there were 76 (16.3 
per cent) who subsequently developed 
locally recurrent manifestations of the same 
disease (Table 1). Mention has already been 
made of the tendency for this to occur after 
local excisional measures (10.0 per cent), 
but the appearance of such lesions 1n 7 of 46 
patients (15.2 per cent) who underwent 
major amputation is tragic indeed. It is 
after dissection of the regional lymphatics, 
however, that this tendency for locally 
recurrent manifestations is most apparent 
(55 of 278 dissections, or 19.8 per cent), 
especially when the site of the primary 
lesion and the regional lymphatics are 
separated by one or more major joints. If 
treatment of the primary lesion and the 
lymph nodes has been simultaneously but 
disseparately performed, the recurrence 
rate may be as high as 37.2 per cent. This is 
undoubtedly the reason why monobloc or 
in continuity procedures are advocated 
wherever possible. Nevertheless, even under 
these circumstances, the local recurrence 
rate is 11.3 per cent. 

Local metastasis and/or recurrence in rela- 
Hon to status of lymph nodes. The most 
striking feature where local recurrence was 
manifest was observed to be in regard to 
the status of the regional lymph nodes. In 
over 80 per cent of cases of local recurrence, 
the lymph nodes contained clinically evi- 
dent and histologically established evi- 
dence of metastatic melanoma. This factor 
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then would seem most responsible for the 
production of local recurrence by mechani- 
cally blocking the lymphatic pathway from 
the primary site to the drainage basin. This 
seems to be especially pertinent after our 
review of a series of 78 patients in whom 
the lymph nodes were clinically. negative 
but histologically positive. In this group 
the local recurrence rate was 18.0 per cent. 
Since the 5 year cancer free survival rate 
was so high in this group (52.6 per cent), 
elective, simultaneous, disseparate dissec- 
tion would seem warranted. 

The selection of a mode of treatment 1s 
not made easy by the complications of this 
disease. In 27.5 per cent of our cases the 
recurrence was so disseminated that no 
surgical technique could encompass all the 
lesions. In others, amputation was per- 
formed in order to remove all visible dis- 
ease. Where locally recurring melanoma 
could be completely removed by excisional 
and dissection procedures, the results ob- 
tained were found to be comparable with 
those in which amputation was performed. 

Amputation. The therapeutic role of 
major amputation or exarticulation has not 
as yet become clearly defined. It 1s our 
opinion, however, that the simultaneous 
presence of the primary lesion and regional 
lymph nodes in the absence of distant 
metastasis is an indication for amputation. 

Hemipelvectomy. In Miller's? series of 13 
patients who submitted to hemipelvectomy 
for recurrent and metastatic melanoma, 
there were no § year survivors. The experi- 


TABLE I 


LOCAL METASTASIS AND/OR RECURRENCE OF THE EXTREMITIES 


OCCURRING SUBSEQUENT TO FIRST DEFINITIVE TREATMENT 


: No. of | No. of | m s 

| Operations | Recurrences/Metastases | Per Cent 
All Operations | 468 | 76 16.3 
Excisions | 144 | t4 | 10.0 
Dissections | 278 $s | 19.8 
Disseparate simultaneous | 43 | 16 | a 
Disseparate subsequent | 120 | 26 | pcs 
Monobloc | 115 13 | 1353 
Amputations | 46 " | 15.0 
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ence of McPeak, McNeer, Whitely and 
Booher" was similar. It may be said, there- 
fore, that any patient found to have meta- 
static melanoma above the inguinal liga- 
ment will not benefit from this operation. 


RADIATION THERAPY 
Hillriegel? reported a series of 259 malig- 
nant melanomas in which roentgen therapy 
was employed. His reported § vear survival 
rate tr oe 1 was 62 per cent and for 
3 per cent. Not all primary lesions 
or laa metastases were biopsied; 
nevertheless, his illustrations showed re- 
gression of both primary and metastatic 
melanoma in some cases. He advocates in- 
tensive preoperative irradiation followed by 
local excision in 6 to 8 weeks. Hilaris e 27.7 
have reported clinical improvement in pa- 
tients submitted to palliative roentgen 
therapy for metastatic malignant mela- 
noma in bone and brain. 


PERFUSION OF THE EXTREMITIES 
After more than 4 years’ trial of whole 

limb perfusion with phenylalinine mustard, 
Stehlin eż a/.5 observed striking responses 
in many primary lesions and intermediate 
metastases. Whether the method will serve 
to prevent local recurrence or enhance the 
outlook of the potentially curable patient 
remains to be seen. These authors empha- 
size the experimental nature and the 
hazards of the procedure. 


END RESULTS 

Eight hundred and four patients with 
histologicallv established melanoma of the 
trunk and extremities were observed be- 
tween the years 1935 and 1955, thus afford- 
ing survival data over a period of 20 years 
(Fig. 4). 

Since our main interest 1s concerned with 
the results of the surgical treatment of pa- 
tients with potentially curable melanomas, 
we will discuss only the cases found to have 
melanoma localized to the original site 
(Stage 1) or to have demonstrable metasta- 
sis in one regional lymphatic drainage are: 
(Stage 1). All patients received surgical 
treatment and are accounted for in tabular 
form?” 
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Fic. 4. Actuarial curves showing death and sur- 

vival rates in all 3 clinical stages of melanoma, 

(Reproduced with permission from Surgery.) 


Stage 1. Five vear survival was obtained 
in 71 per cent of 359 patients in Stage I 
(Fig. §). Because a significant number die 
of cancer after attaining an apparent cure, 
we believe that a more definitive period lies 
somewhere between 7 and 10 years post- 
operatively, when the survival rate was 65 
and 62 per cent, respectively. After 10 
years the patient is presumably cured, 
though an occasional instance of late metas- 
tasis will occur. 

Stage n. In this stage, the profound effect 
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SURVIVED 5 YEARS AFTER SPREAD 


Fic. 5. Behavior of Stage 1 melanoma. 
(Reproduced with permission from Surgery.) 
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of the metastasis to the regional lymph 
nodes on prognosis was noted. At the 5 year 
period only 19 per cent of the patients were 
cancer free, at 7 years and 10 years 17 and 
I2 per cent, respectively, were alive. 


SUBSEQUENT HISTORY OF PATIENTS WITH 
MELANOMA IN STAGE I 


In 40 per cent of the patients there will 
be no further manifestation of the disease 
(Fig. 5). If the regional lymph nodes are 
managed by periodic observation and re- 
moved only when clinically significant 
rather than as part of the first surgical 
effort, metastasis (Stage r1—Stage 11) will 
occur in 23 per cent. The 5 year survival 
rate in these patients will be 30 per cent. 
Eighteen per cent will recur locally and it is 
anticipated that so per cent of these pa- 
tients will remain cancer free at 5 years. 
Finally, it is significant that 19 per cent in 
this favorable group of cases will develop 
distant metastasis without regional metas- 
tasis (Stage 1—Stage 11) and will die of 
cancer. 


FACTORS WHICH MAY INFLUENCE THE OUTCOME 


Sex. The factor of greater concern for 
personal appearance and health is probably 
the more important factor behind the 73 
per cent 5 year survival in females as op- 
posed to 65 per cent for males. 

Age. The more youthful subjects have an 
excellent prognosis, for in this group of 
Stage I patients 5 year survival occurred in 
82-86 per cent of cases up to age 40 as com- 
pared to 48 per cent after age 7o. 

Longevity of the mole. Although anticipat- 
ing a more favorable outlook for patients 
with congenital moles or with moles of long 
duration, there was no significant differ- 
ence in the end results as compared with 
the de novo variety. 

Histologic features of the primary lesion. 
It is difficult to relate the histologic fea- 
tures of the primary tumor to prognosis. 
Nevertheless, it has been observed that 
melanomas less than 1 cm. in diameter, 
demonstrating minimal dermal invasion 
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and external elevation above the skin, offer 
a better outlook for 5 year survival than 
large proliferating, ulcerating and deeply 
invasive neoplasms. 


DEATHS FROM MELANOMA 


An analysis of the deaths from melanoma 
according to stage 1s given in Figure 4. 

Stage 1. While 24 per cent of patients in 
Stage 1 die of melanoma within the first 5 
years, 34 per cent wil have died at 1o 
years. Careful scrutiny of Stage 1 curve in 
Figure 4 indicates that between 7 and Io 
years postoperatively a patient may be 
considered as cured of melanoma. Subse- 
quent recurrence is unusually rare. 

Stage u. While 84 per cent of Stage i1 
patients will have died from melanoma 
within 1o years, subsequent recurrence is 
so unusual that patients who are cancer 
free at 10 years can be regarded as cures 
(Stage 11 curve in Fig. 4). 

Stage 111. Ninety-nine per cent of Stage 
IH patients will have died of cancer within 1 
year after the first clinical evaluation. An 
occasional patient will survive who demon- 
strates metastasis to more than one lym- 
phatic area or to distant organs in solitary 
fashion (Stage um curve in Fig. 4). 


EXTENT OF METASTASES AT NECROPSY 


At necropsy of patients dying with 
melanoma, metastasis is found in nearly 
every organ of the body. Whereas the fre- 
quency of metastases to the lung and liver 
is well known, the really common involve- 
ment of the stomach (26 per cent); small 
intestine (58 per cent); colon (22 per cent); 
pancreas (53 per cent); bone (30-40 per 
cent); brain (39 per cent) and heart (49 
per cent) is not so generally realized (Fig. 
6). Finally, nearly all the lymphatic drain- 
age basins are diffusely involved by metas- 
tasis. 


CONCLUSIONS 


Benign nevi and malignant melanoma 
are observed in people of all races and 
nationalities. Melanoma occurs most com- 
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SKIN & SOFT TISSUE 95% 
RETROPERITONEAL 15% 
MEDIASTINUM 255 


Fic. 6. Major incidence of metastasis as found 
at necropsy. 


monly in the third to the fifth decades of 
lite. 

Melanoma metastatic to lymph nodes in 
the absence of a known primary lesion sug- 
gests the possibility of an origin from a 
spontaneously healed primary. 

With radical treatment of the primary 
tumor and regional lymph nodes, long term 
survival may be anticipated in the majority 
of the Stage 1 patients. 

Postmorten examination demonstrates 
that melanoma has the capacity to metas- 
tasize to all the organs of the bodv. 

Gordon McNeer, M.D. 


240 East 6gth Street 
New York, New York 10021 
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TUMOR SIMULATING INTRATHORACIC 
EXTRAMEDULLARY HEMOPOIESIS* 
CLINICAL AND ROENTGENOLOGIC CONSIDERATIONS 


By C. G. PAPAVASILIOU, M.D. 


ATHENS, GREECE 





ONE marrow heterotopia in the form 
of tumor simulating masses is a com- 
pensatory phenomenon encountered in 
conditions associated with abnormal hemo- 
poiesis. For many vears the process has 
been recognized in postmortem histologic 
sections. However, recently several cases of 
marrow heterotopia in the thorax were 
diagnosed by chest roentgenography.^4^5 
The author reported elsewhere? that de- 
velopment of bone marrow heterotopia in 
the thorax follows a constant anatomic pat- 
tern, resulting in a typical roentgen appear- 
ance; 7.e., ovoid or round, well outlined soft 
tissue densities, usually multiple, located 
posteriorly, adjacent to the thoracic spine 
and presenting lobulation or a segmental 
arrangement. These masses are asympto- 
matic and their roentgenologic recognition 
is of value in the differential diagnosis of 
tumors of the posterior mediastinum. 
Recently, several new cases have been 
observed which, although giving further 
support to the above described roentgeno- 
logic picture, have presented additional 
clinical and roentgenologic findings, neces- 
sitating a reevaluation of the subject. The 
clinical material on which this report is 
based consists of $ patients of Greek origin 
with Mediterranean anemia who demon- 
strated tumor simulating intrathoracic ex- 
tramedullary  hemopoiesis. 


REPORT OF CASES 


Case r B.C. a man aged 24 years, was 
admitted to our department because of recur- 
rent ulcers of both ankles. A diagnosis of 
Cooley's anemia had been made at the age of 12 
years, 

On examination the patient was pale, had 
muddy yellow skin, and appeared younger than 


his age. He had mongoloid facies with promi- 
nent cheek bones, flat frontal bones, and an 
arched hard palate. The liver was slightly en- 
larged. There was general enlargement of the 
lymph nodes, particularly in the axillae. 
Chronic ulcers were present in the region of the 
ankles. 

The hemoglobin was 8.7 gm./100 ml.; hema- 
tocrit 27 per cent; red blood cell count 
3,520,000, with anisocytosis, poikilocytosis, 
microcytosis, target cells, hypochromia, and 
anisochromia. There were 7,150 white blood 
cells per cu. mm., with 60 per cent polymor- 
phonuclears, 36 per cent lymphocytes, 3 per 
cent eosinophils, and 1 per cent monocytes. 
There were 9 erythroblasts per 100 white blood 
cells in the peripheral blood. The serum biliru- 
bin was o.g9 mg./100 ml. direct, and 0.48 
mg./1oo ml. indirect. The bone marrow showed 
marked hyperplasia of the red blood cell series, 
the white blood cell series, and many mega- 
karyocytes. There was no abnormality in the 
maturation of the red blood cells. The serum 
albumin electrophoresis pattern showed a mod- 
erate increase in the gamma globulin. The 
hemoglobin electrophoresis pattern revealed 
go per cent hemoglobin 'F'. The sickle-cell 
preparation test was negative. Studies with 
radioactive chromium $1 revealed that the life 
span of the red blood cells was 17 days for Cr?! 
1$ (normal range 27 to 36 days); the surface 
count was 2,429 counts/min. over the spleen 
and 2,701 counts/min. over the liver, with a 
ratio of o.89 (normal ratio 1.0). The red blood 
cell radioactive iron $g uptake was 18 per cent 
in IO days (normal range 85 to 100 per cent). 
The iron plasma clearance was 20 minutes for 
surface count revealed no increase in the radio- 
activity over the liver or spleen but a high 
degree of ineffective hemopoiesis of the bone 
marrow. The findings indicated Cooley's ane- 
mia. 

A roentgenologic bone survey showed changes 


* From the Department of Clinical Therapeutics, Alexandra M, Hospital, University of Athens, Greece. 
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Vic. 1. Case 1. Posteroanterior roentgenogram 
of the chest showing multiple bilateral masses. 


compatible with thalassemia. A roentgenogram 
and a laminagram of the chest showed soft, 
well-defined, lobulated masses measuring from 
2 to 6 cm. in diameter, lying posteriorly in the 
paravertebral gutter from D2 to Dro (Fig. 1 
and 2). The possibility of intrathoracic ex- 
tramedullary hemopoiesis was considered. 

Needle aspiration of the masses, through the 
right fifth intercostal space paravertebrally 
under fluoroscopic control, revealed elements 
usually found in the bone marrow (Fig. 3, 4 
and B). The material obtained was rich in cell 
elements and precursors of red blood cell series 
and in granulocytic white blood cells. Occa- 
sional plasma cells and reticulocytes were pres- 
ent. The red blood cells were more numerous 
than the white blood cells (200 red blood cells 
per rco white blood cells) with a significant 
percentage of proerythroblasts and basophilic 
erythroblasts (9 per cent and 39 per cent, 
respectively) and no megakaryocytes. 

Satisfactory healing of the tibial ulcers and 
some Improvement in the hematologic appear- 
ance was noted during the patient’s stay in the 
hospital, 


Case u. B.F., a man aged 21 years, entered 
the hospital because of marked anemia, which 
had been diagnosed at the age of 6 years as 
Cooley’s anemia. 

Physical examination revealed mongoloid 
facies and swelling of the abdomen due to 
splenomegaly and, to a lesser degree, hepato- 
megaly. Ulcerations of the skin of the feet were 
present. 

Hematologic studies showed changes com- 
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patible with hemolytic anemia: hemoglobin 
8.5 gm./ico ml.; hematocrit 28 per cent; red 
blood cell count 3,520,000, with anisocytosis, 
poikilocytosis, microcytosis, hypochromia, tar- 
get cells, and basophilia; the white blood cells 
numbered 43,000 per cu. mm., with 69 per cent 
polymorphonuclears, 19 per cent lymphocytes, 
iO per cent monocytes, and 2 per cent eosino- 
phils. The serum iron was 121.5 y/100 ml. and 
blood bilirubin 1.3 mg./100 ml. The hemoglo- 
bin electrophoresis pattern showed a large 
amount of hemoglobin ‘F. The bone marrow 
showed marked hyperplasia, especially of the 
red blood cell series. The Cr? test revealed a 
red blood cell life span of 14 days for Cr? T1. 
The iron clearance was 17 minutes for Fe? T4, 
The red blood cell Fe®? uptake was 13.5 per cent 
in 10 days. The relative surface count rate over 
the sacral bone revealed ineffective hemo- 
poiesis. 

Roentgen examination of the bones showed 
changes compatible with Cooley’s anemia. A 
chest roentgenogram of the patient showed 
small masses in the right paraspinal area, meas- 
uring I to2cm. (Fig. 4). 

During his stay in the hospital, the patient 
was given blood transfusions and other suppor- 





Fic, 2. Case 1. Laminagram of the chest showing 
the segmental arrangement of the masses. 
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Fic, 3. Case 1. (4 and B) Microphotographs of material obtained by needle aspiration. Erythroblasts 
and leukoblasts of different maturation are seen. 


‘ive therapy. He was discharged and asked to 
'eturn for follow-up examinations, 


Case ut. P.L., a man aged 28 years, entered 
‘he hospital for an annual check-up for Cooley's 
inemia. 

Hematologic studies revealed a microcytic 
ivpochromic anemia, with marked morpho- 
ogic alterations of the peripheral red blood 
‘ells. Hemoglobin was 7.4 gm./100 ml.; hema- 
(crit 23 per cent; red blood cell count 
1,990,000, with anisocytosis, poikilocytosis, 
nicrocytosis, and macrocytosis; there were 





Fic. 4. Case u. Nodules in the 
right paraspinal area, 


3,500 white blood cells per cu. mm., with 51 per 
cent polymorphonuclears, 44 per cent lympho- 
cytes, 3 per cent monocytes, and 2 per cent 
eosinophils. The serum iron was 117 y/100 ml. 
and the serum bilirubin 1.75 mg./1oo ml. A 
bone marrow puncture showed increased hyper- 
plasia of all cell series. The Cr test revealed a 
red blood cell life span of 21 days for Cr? T3. 
The iron clearance was 20 minutes for Fe? T1, 
The red blood cell Fe??* uptake was 19 per cent 
in Io days. The surface count rate over the sac- 
ral bone marrow revealed ineffective erv- 
thropoiesis as usually seen in Cooley's anemia. 

Roentgen examination of the bones revealed 
changes typical of Cooley’s anemia. A chest 
roentgenogram showed 2 ovoid masses, partial- 
ly superimposed on the right side above the 
diaphragm, and a third on the left side (Fig. 5). 

A splenectomy was advised and the patient 
was referred to the surgical department. 


Case iv. H.D., a girl aged 14 years, was 
admitted to the hospital for “paraplegia of 
lower extremities," Cooley’s anemia had been 
diagnosed at an early age and splenectomy was 
performed at the age of 4. Six months before 
admission the patient developed muscular 
weakness of both lower extremities which pro- 
gressed steadily to paralysis and inability to 
walk, 

Physical examination revealed mongoloid 
facies, muddy yellow skin and hepatomegaly. 
Hematologic studies showed a hemoglobin of 
8.6 gm./100 ml; a red blood cell count of 
3,350,000, with anisocytosis, microcytosis and 
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Fic. s. Case ut. Bilateral masses 
above the diaphragm. 





hypochromia; hematocrit was 30 per cent; 
white blood cell count 14,000, a 34 per cent 
polymorphonuclears, 46 per cent lymphocytes, 
10 per cent monocytes, 7 per cent eosinophils 
and 3 per cent eee The serum iron wa 
270 y/ 100 ml. and blood bilirubin 1.20 mg., 
ml, "i cerebrospinal fluid protein was 1 
mg./ 1oo ml. 

eee examination showed pyramidal 
tract signs from the lower extremities: hypes- 
thesia from T4-Ts and below, and muscular 
atrophy of the lower extremities. The impres- 
sion was utr anverse myelopathy due to lesion 


at Ty-Ts.” A myelogram was made which re- 
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'ealed a complete b ock at the same level. 
Chest roentgenograms (lig. 6 and 7) and 
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a laminagram (Fig. 8) demonstrated a round, 
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Posteroanterior roentgenogram of 
the chest showing a mass in the right paraspinal 


Fic, 6, Case rv. 
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Fic, ase Iv. In the lateral roentgenogram the 
mass Is seen posteriorly, c compressing slightly the 
'all of the trachea. 


` 





mass located in the right 
costovertebral angle adjacent to T4 and T; 
which was described as typical of heterotopic 
marrow. A scintiscan of the chest after injection 
of 250 uc of Au’? showed good correlation with 
the heterotopic marrow at the right paraspinal 
area (Fig. 9). 

The neurologic findings 


M 


4 cm. in. diameter, 














were attributed to 
pressure from this mass and radiation therapy 


was instituted, U “apy 








sing a cobalt 60 telethe 
unit, goo rads were delivered to the mass in g 
days by a posterior port. The patient showed 





Vic, 8. Case 1v. Laminagram 


(at 7 cm.) showing the mass. 
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Fic. g. Case iv. Photoscan after injection of Aul® 
showing good correlation with roentgenographic 
findings. 


striking improvement of both sensory and 


Cooley’s anemia since an early age. A brother 
and sister of the patient also had the same dis- 
ease. 

Physical examination revealed dark yellow 
skin, mongoloid facies and hepatosplenomegaly. 

Blood examination showed a red blood cell 
count of 1,910,000 per cu. mm., reticulocytes 
0.2 per cent, hematocrit 14 per cent, hemoglobin 
4.8 gm./too ml, and a normal number of 
platelets. l'he white blood cell count was 3,400, 
with $4 per cent polymorphonuclears, 40 per 





Fic. 10. Case v. Posteroanterior roentgenogram 
of the chest showing multiple bilateral masses. 
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Fic. 11. Case v. In the lateral roentgenogram 
the masses are located well posteriorly. 


cent lymphocytes, 4 per cent monocytes, I per 


There were 2 erythroblasts per 100 leukocytes. 
Liver function tests: ZnSO, 14.7 u; thymol 
turbidity 14.7 u; and cephaline cholesterol 
flocculation test ---F---F. Total protein 7.3 
gm./1oo ml.; albumin 3.5 gm., globulin 3.8 gm., 
and ratio 0,92. The alkaline phosphatase was 
6.2 King- Armstrong units, uric acid 5.3 mg./ 100 
ml., blood urea 0.64 gm./too ml., and glucose 
t gm./1o0 ml A marrow puncture revealed 
findings compatible with follic acid. depriva- 
tion. 

An electrocardiogram showed right axis 
deviation and premature auricular contractions. 

Bone survey demonstrated osteoporosis and 


and a laminagram (Fig. 12) showed multiple 
masses partially superimposed, appearing as a 
single density with lobulated borders. Trans- 
verse laminagrams (Fig. 13 and 14) revealed the 
location of the masses to be in the posterior 
mediastinum. Two smaller masses, 2 to 3 cm. 
in diameter and ovoid, were attached to the 
anterior part of the sth and 6th rib (Fig. 15). 
During his stay in the hospital, the patient 
received follic acid, blood transfusions and other 





Fic. 12. Case v. Laminagram (at 6 em.) showing 
the masses as a single density with lobulated 
margins, 


supportive therapy, resulting in improvement 
of the hematologic condition. 


CLINICAL CONSIDERATIONS 


Tumor simulating bone marrow hetero- 
topia is not an uncommon phenomenon, al- 
though usually an incidental finding on 
chest roentgenograms of patients with 
Cooley's anemia. Of 45 patients admitted to 
our hospital with thalassemia, § presented 





Pic. 13. Case v. Transverse laminagram at the level of 
Dio showing the masses (more prominent in the 
left) to be located in the posterior mediastinum. 
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Fic. 14. Case v. Transverse laminagram at t 
of D4 showing the masses in the costov« 
angle. 


intrathoracic marrow heterotopia 1 


The process is observed mainly in pa 
with severe long standing anemia. à 
patients had hepatosplenomegalv, m 
bone changes, mongoloid facies an 
other usual clinical features and labo: 
findings of advanced Coolev's disease 
felt that the roentgenologic recognit 
these masses 1s of value in ruling out 
entities, usually neoplastic, located 

posterior mediastinum. Indeed, Knc 
reports a case of bone marrow heter 


Fic. 1s. Case v. Oblique chest roentgenogran 
ing a small mass "attached" to the anterior 
the sixth rib. 
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in a patient who underwent an unnecessary 
thoracotomy for a “neurogenic tumor of the 
posterior mediastinum.” Histologic exami- 
nation of the excised mass showed hetero- 
topic bone marrow and the patient, in 
retrospect, was found to have thalassemia 
minor. If one is aware of this entity, the 
nature of the masses can be easily recog- 
nized, especially in association with the 
history of anemia, the clinical picture and 
the other laboratory findings. 

Although masses of heterotopic bone 
marrow are usually asymptomatic, in 1 of 
our patients, they were associated with 
symptoms due to pressure on adjacent or- 
gans, 7.e., the thoracic portion of the spinal 
cord. The patient presented paraplegia 
with sensory disturbances. All neurologic 
signs disappeared after a course of radiation 
therapy, in which goo rads were delivered 
to the mass in a period of 9 days. To the 
best of our knowledge, this is the only case 
reported of masses of heterotopic bone mar- 
row causing pressure symptoms. Irvine and 
Robertson? recently described a similar case 
of spinal cord compression caused by heter- 
otopic bone marrow; however, they do not 
mention roentgenologic evidence of intra- 
thoracic masses. 


ROENTGENOLOGIC FINDINGS 


The tumor-like masses of heterotopic 
bone marrow are located mainly in the 
posterior mediastinum and particularly in 
the costovertebral angle. This is well 
demonstrated in lateral chest roentgeno- 
grams where the masses are clearly visual- 
ized. In laminagrams thev appear only in 
the posterior sections of the chest (Fig. 2, 8, 
the masses in transverse laminagrams, their 
symmetric bilateral location in the costo- 
vertebral angle being evident. Most often, 
they are multiple, of soft tissue density 
with well-defined margins and presenting 
symmetric segmental arrangement (Fig.ı 
and 4). When, however, superimposition 
occurs, they appear as a single densitv with 
lobulated borders (Fig. 12). In addition, in 
Case v, smaller ovoid masses, 2 to 3 cm. in 
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diameter, were seen adjacent to the ante- 
rior part of the sth and 6th ribs bilaterally 
(Fig. 15). This part and the corresponding 
posterior part of the ribs usually undergo 
the greatest expansion and trabeculation. 
In retrospect, a similar appearance, al. 
though less prominent, was noted in Case 
1. These 2 cases were the most advanced 
ones. Since these masses were attached to 
the most expanded, osteoporosed and 
trabeculated portions of the ribs, one may 
assume that they originated from the mar- 
row of the adjacent bone of the vertebral 
body or rib; z.e., the marrow, after it "over- 
filled" the bone, spread around it. This 
hypothesis based only on roentgenologic 
evidence is contradictory to the autopsy 
findings reported by Ask-Upmark,! who 
found in his case no connection between the 
masses and the marrow of the adjacent 
bone. 

In general, intrathoracic extramedullary 
hemopoiesis takes the form of masses 
located in the costovertebral angle. How- 
ever, sometimes in advanced cases, addi- 
tional masses of heterotopic marrow de- 
velop adjacent to the anterior part of the 
ribs. Table 1 gives the roentgenographic 
findings in detail. 

It is of interest that the mass in Case 1v 
was demonstrated on a scintiscan of the 
thorax after intravenous injection of col. 
loidal AuU*, Kniselev ef al? were able to 
demonstrate the distribution of hemo- 
poietic bone marrow with satisfactory de- 
tail by scintiscanning, thereby exploiting 
the observation that the distribution of 
intravenously injected colloidal gold in the 
bone marrow correlates well with the areas 
of active hemopoiesis. In this patient, we 
used a similar technique and we found an 
excellent correlation between the roent- 
genographic and scintiscanning findings. 


SUMMARY 


1. Of 45 patients with Cooley’s anemia, 
5 presented masses of intrathoracic extra- 
medullary hemopoiesis, an incidence of 11 
per cent. 


C. G. Papavasiliou MaxcH, 1965 


Chest Roentgen Findings 


Multiple bilateral masses, 2—6 cm., presenting segmental ar- 
rangement in the posterior mediastinum 

Small mass (2 cm.) attached to the anterior part of the fourth 
rib on the left 


Small masses presenting segmental arrangement in the right 
upper mediastinum, 2 cm. in diameter 


Two masses 4-5 cm. in diameter in the right posterior medi- 
astinum partially superimposed, one in the left 


Single density 4 cm. in diameter in the right posterior medi- 
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TABLE I 
Case a c Hemoglobin 
I 3,520,000 8.7 gm. 
II 3,520,000 8.5 gm. 
IH 2,990,000 7.4 gm. 
IV 3,350,000 8.6 gm. 
astinum 
V I,910,000 4.8 gm. 


Large multiple bilateral masses in the posterior mediastinum, 
superimposed, appearing as a single density with lobulated 
borders 

Masses 2—3 cm. in diameter "attached" to the anterior part of 


the fifth and sixth ribs bilaterally 


2. Thelocation and development of these 
masses follow a constant anatomic pattern, 
resulting in a typical roentgenographic ap- 
pearance. They represent, therefore, a 
separate roentgenologic entity. 

3. This entity should be included in the 
differential diagnosis of tumors of the pos- 
terior mediastinum, particularly in patients 
with long standing anemia. 

4. Although the process is usually 
asymptomatic, in I of our patients it was 
associated with symptoms due to pressure 
on the spinal cord. 


C. G. Papavasiliou, M.D. 
62 Skoufa Street, 144 
Athens, Greece 


I am grateful to Professor B. Malamos for 
his advice, and to Dr. G. Prinos for performing 
the transverse laminography study. 
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INTRAPELVIC DOSE DISTRIBUTIONS FROM A 
DOUBLE CROSSARM RADIUM APPLICATOR* 





By J. E. MORGAN 





3 





UMBER of different designs have 

been advocated for rigidly constructed 
uterocervical radium applicators, each of 
which represents the experience and per- 
sonal ideas of some specialist in the field. 
Several such devices, usually identified by 
the names of their originators, are now be- 
ing produced commercially with varying 
degrees of acceptance. While these indi- 
vidual models may differ considerablv in 
appearance and mechanical complexity, 
their essential features are generally simi- 
lar: one or more pairs of ovoids, laterally 
spaced to occupy the vaginal fornices, and 
attached at right angles to a Cy lindrical 
uterine tandem of two or three removable 
sections. The whole assembly serves pri- 
marily as a framework to hold the multiple 
radium sources in fixed geometric relation 
to each other, and to the anatomic areas 
under treatment, so that predictable and 
reproducible dose patterns may be de. 
livered. 

Unfortunately, the usual methods of cal- 
culating dosage from such applicators are 
not only laborious, but are subject to some 
quite appreciable errors due to variations 
in absorption by the supporting metal 


E 


structures. [In originally computing the 
standard “linear source tables’??? which 


now constitute our basic reference data for 
such work, careful provisions were made to 
incorporate adequate correction factors for 
attenuation in the different effective thick- 
nesses of material which are introduced by 
different. angles of radiation emergence, 
both through the platinum container and 
within the radium salt itself. In dealing 
with the single, isolated, and uniformly 
cylindrical shapes postulated by these 
tables, therefore, no significant errors are 
to be expected providing the specified dis- 


Pu.D., and JUSTIN J. STEIN, M.D, 


LOS ANGELES, 
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tances can be accurately determined. When 
several such sources are distributed through 
a three dimensional structure of cross 
braced metallic tubing, however, the prob- 
lem becomes considerably more compli- 
cated. 

Since the nominal wall thickness of most 
of the commercially manufactured metal 
applicators is between 1.5 5 and 2.0 mm. of 
brass (or stainless steel or monel), our usual 
procedure with this type has been to add all 
the individually evaluated contributions 
from each of the radium sources to obtain 
the total dose at a given point, and then to 
subtract an average correction factor of 
approximately g per cent for absorption bv 
the additional metal. It is apparent, how- 
ever, than this method can compensate 
adequately for onlv that fraction of the 
radiation which happens to emerge at a 
nearly perpendicular angle through a single 
wall of the assumed thickness. 

A theoretically more accurate approach 
is available through use ef the recently re- 
vised linear source tables of Greenfield ef 

al, which have been extended to include 
values for I.o mm. platinum filtration. If 
the usual o.4 mm. Pt tube or needle is 
loaded into one of the cylindrical 1.5 to 2 
mm. brass walled compartments B an D. 
plicator, the total effective absorption by 
the two concentric envelopes mav be con- 
sidered approximately equivalent to that 
of 1.0 mm. Pt.? The m data for that 
thickness will then provide dosage figures 
which are specifically compensated for exit 
angles of the radiation, if onlv a single 
cylindrical section of the applicator is con- 
sidered at a time. It is obvious, however, 
that due to the mutual shadowing effects of 
the several active sections and their ir- 
regularly shaped supporting members, 


* From the Department of Radiology, Center for the Health Sciences, University of California, Los Angeles, California. 
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there will still be major local departures 
from the calculated dose distribution, 
which are not amenable to correction by 
any simple formula. 

Ernst! has solved these particular prob- 
lems, in the case of his own design of ex- 
panding metal applicator, by compiling 
charts of directly measured doses to super- 
sede anv such relatively uncertain theoreti- 
cal calculations. Using a specially designed 
small scintillation probe, he recorded the 
actual dose rates in roentgens per hour at 
each 1 cm. interval on each of two 10X10 
cm. coordinate grids, which correspond 
respectively to the lateral and anteropos- 
terior pelvic planes. In addition to the 
composite dose distribution patterns pro- 
duced by a number of different recom- 
mended loading combinations, there is ap- 
pended a set of tables which specify the in- 
dividual contribution from a single radium 
source in anv one of the nine compartments 
of the applicator, to any point 1n either of 
the two reference planes. By means of these 
tables, any possible combination of sources 
which can be placed within the Ernst ap- 
plicator may be quickly evaluated. Due at 
least in part to the availability of such con- 
veniently pre-recorded dosimetric data, 
Ernst’s device has become a favored mo- 
dality for much of the routine uterocervical 
work in this department. 

As with anv such standardized appara- 
tus, however, circumstances contraindicat- 
ing its application do arise. In a considera- 
ble number of cases, the vaginal fornices 
are found to be too narrow to permit cor- 
rect expansion of the lateral arms, even 
after removal of the outermost pair of 
ovoids. Since use of the dose distribution 
charts is valid only under exactly dupli- 
cated conditions of full extension, that ma- 
jor advantage is then entirely lost. Under 
these conditions, it is our practice to em- 
ploy the smaller and simpler (and less ex- 
pensive) device designated in the Radium 
Chemical Company's catalog as a “double 
crossarm applicator three section tandem," 
but referred to by some as a "cross-tee." 
Since this applicator is used so frequently 
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and since our radiotherapists have become 
so accustomed to the convenience of the 
Ernst tables, it was determined to prepare 
corresponding data for the cross-tee tech- 


ment to serve the same purpose. The Curtis 
Nuclear Company's "Probitron" features a 
scintillator crvstal in the tip of a slender 
stainless steel probe, intended for insertion 
into body cavities. The associated photo- 
multiplier and amplifier circuits are amen- 
able to calibration directly in roentgens per 
hour, by reference to a standard radium 
source, and show adequate short-term sta- 
bility for this purpose. The only part of our 
equipment which required special construc- 
tion was the measuring phantom, shown in 
Figure 1. This is a waterproof lucite box, 3 

cm. squareX 15 cm. deep. The 2.5 cm. thick 
bottom of the box is recessed to hold a 
cross-tee applicator horizontally, in either 
anteroposterior or lateral aspect. A pattern 
of holes is drilled through the box top and 
part way into the bottom, so that when 
the probe is inserted through one of the top 





Fic. 1. Water-filled lucite phantom with applicator 
and scintillation probe in position for radiation 
measurements. 
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. Total dose rate measurements, in roentgens per hour, for lateral pelvic fields. Uniform loading den- 


EM of 10 mg. radium with o.5 mm. platinum filtration in each compartment of applicator. Coordinate 


grid lines spaced 1.0 cm. apart. 


holes, the center of the crvstal at its distal 
end is accurately supported at a corre- 
sponding point in the mid-plane of the ap- 
plicator. These index holes, spaced 1.0 cm. 
center to center, define the coordinate grid 
of measurement points shown in Figures 2 
and 3. When the box is filled with water and 
placed on a stack of Masonite boards, it 
forms an "infinite" phantom for measure- 
ments under full tissue equivalent back- 
scatter conditions. 

Since we followed Ernst's original idea 
and since his system of reference coordi- 
nates and tabular arrangement of data is 
both familiar and convenient, our own 
measurements are presented as nearly as 
practicable in the same format. 

Since the cross-tee applicator has only 5 
compartments instead of the 9 found in 
Ernst's version, and since there would be 
little advantage gained by any laterally 


asymmetric loading of the 2 rather closely 
spaced ovoids (iv and v of Figure 2), the 
quantity of data to be recorded in this case 
is appreciably lessened. We have also 
omitted graphic dosage charts for all except 
the representative conditions of uniform 
distribution," using 10 mg. of radium with 
0.5 mm. Pt filtration in every compartment. 
Figure 2 shows the total dose received in 
each square centimeter of the bilaterally 
symmetric pelvic plane when such uniform 
loading 1s used. Figure 3 does the same for 
the anterior (bladder) and posterior (rec. 
tal) fields, which differ somewhat from each 
other due to the anteriorly directed bend of 
tandem section 1. 

For any other possible distribution of 
radium in this applicator, the doses de- 
livered to any of the points in the lateral 
fields of Figure 2 may be obtained from 
Table 1. Doses to any of the points in the 
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pelvic fields. Uniform loading density of 10 mg. radium with o.s mm. platinum filtration in each compart- 
ment of applicator. Coordinate grid lines spaced 1.0 cm. apart. 


anterior and posterior fields of Figure 3 
may be found from Tables m and ri, re- 
spectively. Since each. compartment. will 
accept sources up to a maximum of 4 mm. 
diameterX21 mm. length, a considerable 
range of choice is available. Whenever any 
loading other than 10 mg. is to be used in a 
particular compartment, it is only neces- 
sary to multipiv the dose contribution 
listed for that compartment by a factor 
5/10, where J is the actual strength in mil- 
ligrams of the radium source chosen. As a 
practical example, suppose the following 
loading is preferred: 30 mg. in 1, 10 mg. in 
11, Zero in H1, and 20 mg. each in rv and v. 
If we wish now, for instance, to determine 
the dose to "point B" (coordinates 6 G, 
Table 1), we multiply the value 1.7 from 
column 1 by 30/10 to obtain the corrected 


value 5.1 r/hour. Similarly, 2.9 from col- 
umn H, times 10/10, equals 2.9; 3.0 from 
column 11, times zero, equals zero; 3.1 from 
column Iv, times 20/10, equals 6.2; and 1.6 
from column v, times 20/10, equals 3.2. The 
total dose at this particular point is then 
SAP 2.0 OO +62 H3: 8 1a r/hour, in: 
stead of the 12.3 r/hour total which is 
shown in the table for uniform loading with 
10 mg. in each compartment. 

All data presented herewith are for ra- 
dium needles or tubes having a filtration of 
o.§ mm. of platinum or its equivalent.? 
since the same kind of oblique absorption 
errors discussed above might be re-intro- 
duced if an attempt were made to substi- 
tute other thicknesses with blanket correc- 
tion factors, it is considered more desirable 
to limit the choice of radium sources to this 
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Taste III 
POSTERIOR (RECTAL) PELVIC FIELD 





Radium (10 mg.) Loading 
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standard type. On the evidence of calibra- 
tion stability and repeatability of data, it is 
believed that the numerical values given 
are correct within approximately+ 3 per 
cent, or +o.1 r/hour, whichever is larger. 


SUMMARY 


Radiation dose distribution patterns 
around the familiar "double crossarm 
tandem" or "'cross-tee" uterocervical ra- 
dium applicator have been explored, using 
a commercially available type of ratemeter 
probe. Quantitative dose rate measure- 
ments, recorded at 1 cm. intervals in the 
lateral and anteroposterior planes, are pre- 
sented graphically and also in tabular form. 
The use of such directly measured data, in- 
stead of multiple calculations from linear 
source tables, is expected to eliminate some 
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major errors caused by variable absorption 
in the metal structure of the applicator. 


J. E. Morgan, Ph.D. 

Department of Radiology 

The Center for the Health Sciences 
Los Angeles, California 90024 
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NEW HYSTEROSTAT FOR RADIUM THERAPY 
IN ENDOMETRIAL CARCINOMA* 


By G. F, GRANONE, M.D., and G. JULIANI, M.D. 


TURIN, ITALY 


rated the usefulness of radiotherapy, 
"ther preoperatively or as the sole treat- 
nent, in carcinoma of the uterine body. ^* 
3.27 Kottmeler!? records cure rates 14 per 
rent higher than those for surgery alone. 


lavs considered the most suitable tech- 
uque for intrauterine radium therapy. It 
s, nevertheless, felt that the new applicator 
 "hysterostat" here described may in cer- 
ain cases be preferable to both the packing 
nethod and to other hvsterostats.? It is ex- 
remelv simple to use and lends itself par- 
icularly well to accurate dosimetry. 

The hysterostat is shown in Figure 1, Z 
ind B. Its diameter is equal to that of a No. 
© Hegar dilator and its weight is approxi- 
nately 42 grams. 

After dilating the cervix (with Hegar di- 
ators up to No. 11) and, if necessary, per- 
orming diagnostic curettage, the hystero- 
tat 1s introduced into the uterine cavity in 
he closed position (Fig. 2.7). When the 





* From Istituto di Radiologia dell'Università di Torino, Italy 
Direttore Professor E, Benassi). 


fundus uteri is reached, the button tip is 
withdrawn by pulling out the rod handle at 
the lower end; the side arms are thus spread 
open so as to touch the internal wall of the 
uterus (lig. 3.7). The rod handle is then ro- 
tated to the left and pushed inwards. In this 
way the button tip ts in the extended posi- 
tion, while the ferrule or "stop ring" re- 
mains at the base of the arms (Fig. 38), 
keeping them firmly apart even during 
uterine contractions (Fig. 3, B and C).To 
remove the hysterostat, the rod handle is 
pulled outwards (so that the button tip is 
brought to rest on the ferrule), rotated back 
to the right and pushed forwards into the 
stem. The hysterostat is then withdrawn 
without difficulty. 

In cases in which the uterine cavitv is not 
symmetric, one of the arms of the hystero- 
stat can be kept folded in the special lateral 
groove (Fig. 2, 5 and C). The technical de- 
tails of the hysterostat have been given in a 
preliminary report? In Figure 4, ,7 and B, 
the hvsterostat is shown 1n use in à patient 
with endometrial carcinoma. 

Two or three linear radium sources can 
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Fic. 1. (4) The hysterostat in the closed position seen from the front. (B) The hysterostat 
seen from the side with one arm folded along the side groove. 
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Fic. 2. Front view (£) and side view (B) of the hysterostat in the closed position. Note the side groove 
in which one arm of the applicator can rest when not required. (C) Front view of the hysterostat with one 
arm folded down. 
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Fic. 3. (4) Front view of the hysterostat with the arms spread apart and the button tip pulled down. (B) The 


button tip has been pushed forwards, leaving the metal ferrule between the arms and separating them 
firmly. (C) The hysterostat with the arms spread apart in the intermediate position. 
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Fic. 4. The hysterostat in use in a patient with c 


shehtly spread open, 


e loaded in the central stem and two addi- 
sonal sources in the side arms. The authors 
orefer 20 mg. sources, each 22 mm. long, 
ind filtration with 1 mm. of Pt. 

ligure $ is an isodose chart showing the 
losage values found by using Greenfield 
ind co-workers’ tables. With 20 mg. ra- 
lium tubes and 1 mm. Pt filtration, the 100 
yer cent dose corresponds to 800 gamma 
e pe 

Figure 6, Æ and B shows the experi. 
nental p charts obtained by direct 
neasurement with a Siemens Gammameter 
ind a plexiglass phantom. The dosimetry 
stem employed was that used for a previ- 
nus study, undertaken for a similar purpose 
ind described in an earlier paper. The 
naximum measurable dose (that is, with 
he probe as close as possible to the hystero- 
tat) is marked 100 and corresponds to 600 
ramma r/hr. for 20 mg. tubes and 1 mm. Pt 
iltration. 

In Figure 7,7, Band C autoradiographs 
vhich were GENE ed when § radium tubes 
vere positioned in the hysterostat with the 
ide arms spread open at right angles to 
ach other are presented. 

T us Punes a D a the e use of the 


ict Hom the bel ent a um m sources 


arcinoma of the uterine body; the arms 
(A) Anteroposterior view; (5) lateral view. 


are only 


in the described applicator provides a uni- 
torm dose distribution, closely in keeping 
| 


with the contours of a normal uterus. They 
also indicate that adequately high doses are 


delivered to the uterine angles and cervix, 





curves constructed around 
g radium tubes containing equal loads and posi- 


Fic. 5, Theoretic isodose 
tioned as they would be in the hysterostat (in the 
open position). Dosage factors: 20 mg. tubes: l 
mm. Pt filtration: 100 per cent dose = 800 gamma 
r/hr. 
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Fic. 6. (4 and B) Experimental isodose curves measured with a S.emens Gammameter around the 


hysterostat filled with 5 mg. tubes (100 150 gamma r/hr.). 





A B C 


Fic. 7. Autoradiographs of five 5 mg. radium tubes placed as they would be in the hysterostat with arms 


open at right angles to each other. (,7) Frontal section; (B) sagittal section; (C) cross-section at the upper 
end of the three uppermost tubes. 
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the most common sites of neoplastic 
spread. 

Absolute measurements suggest that 
with 20 mg. tubes in the hysterostat, effec- 
tive treatment should take about 60 hours 
in all; the dosage schedule could, if neces- 
sary, provide for two 30 hour applications. 
With this schedule approximately 36,000 
rads are delivered to the endometrium and 
approximately 7,000 rads to the outer sur- 
face of the uterus. 

Direct bladder and rectal measurements 
showed negligible irradiation of these areas 
(3 and 2 per cent, or total doses of 1,000 
and 650 rads, respectively). 


SUMMARY AND CONCLUSIONS 


1. The hysterostat described above con- 
sists of articulated parts operated mechani- 
cally. 

2. It may be used in intrauterine radium 
therapy in cases of endometrial carcinoma 
in which the triangular shape of the uterine 
cavity 1s well preserved and also in asym- 
metric uterine cavities, when only one arm 
of the applicator is used. 

3. Unlike the packing technique, the 
proposed method provides for the rapid 
insertion of the hysterostat. After dilata- 
tion of the cervix with a No. 11 Hegar dila- 
tor, the applicator is placed within the 
uterine cavity in a matter of seconds, with 
no risk to the operator and minimal trauma 
to the patient. 

4. Isodose charting points to the thera- 
peutic effectiveness of the source distribu- 
tion provided by the applicator which en- 
sures high doses to the uterine angles and 
cervix, the most common sites of neoplastic 
spread. Moreover, with the new applicator 
it is possible to achieve highly accurate and 
reliable clinical dosimetry. 

v. Radiation to the bladder and rectum 
is negligible. 

6. Effective anti-cancer treatment can 
be achieved in approximately 60 hours by 
using 20 mg. radium tubes. 


Prof. Giovanni Juliani 
Corso Massimo d'Azeglio, 100 
Torino, Italy 
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We should like to acknowledge with thanks 
the efforts of Mr. Faletto, Mr. Fornero and 
Mr. Avagnina, who were responsible for the 
mechanical preparation of the hysterostat. 
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IONIZING RADIATION COLOR MEASUREMENTS 
OF THE HAP DOSIMETER* 


By MAJIC S. POTSAID, 


M.D.,t and TOSHIJI UMEZAWA, M.D.1 


BOSTON, MASSACHUSETTS 


SOLID chemical radiation detector 
containing a Halogenated compound, 
Azo dye and Paraffin matrix, HAP system, 
shows immediate color changes that are 
proportional to the amount of ionizing 
radiation absorbed by the in- phantom 
dosimeter. In two previous articles, in which 
certain characteristics and ssplicatons of 
this system were presented, radiation dose 
was estimated by gross visual inspection of 
changes in the vellow material itself or of 
changes as seen in photographs of the ma- 
terial.*? A third communication contained 
a preliminary report on quantitative meth- 
ods for determining dose as a function of 
measured color.* Lane, Johnson, and Bar- 
goot! have described an ingenious tech- 
nique in which they mapped isodose pat- 
terns around intracavitary radium sources 
by correlating HAP dosimeter color 
changes, as finally expressed on a photo- 
graphic film, with thermoluminescent meas- 
urements, by lthium-fluoride dosimeters 
embedded in HAP material. 

This paper presents direct quantitative 
relationships between the intensity of in- 
duced color and the amount of ionizing 
radiation. Color values represent measure- 
ments of reflected and transmitted light by 
photoelectric cell techniques. The effects of 
several phvsical factors upon sensitivity are 
discussed: dependence of a given dye to the 
wavelength of the measuring light, the role 
of filters, dosimeter thickness and light 
beam size. The extinction coefficient. to 
light is calculated for dosimeters under 
analysis. Isodose patterns obtained by 
transmittance measurements of the HAP 
system are compared with standard depth- 


* Presented at the Sixty-third Annual Meeting of the American Roentgen Ray Society, Washington, D. C., 


dose tables and the accepted 150dose curves 
for x-ravs of the same quality. 


MATERIALS AND EQUIPMENT 
1. MATERIALS 


Chloroform or bromoform dissolved in a 
paraffin base matrix were the primary com- 
ponents of the svstem. Three azo dves 
served as indicators: p- -dimethylaminoazo- 
benzene, PDAB, ( (CH3;NC,H;N 
:NC4H,), 4-phenvlazodiphenylamine, 
PADA, (4-C,H;N:NC,H,NHC,H;) and 
p-phenvlazoaniline, PPAA, (NH.C,H;N 

In the calculations of halogenated hydro- 
carbon molalitv, the matrix was considered 
to be the solvent. Thus, a one molal form- 
ula contained a mole of halogenated 
compound (e.g., 120 gm. chloroform) in a 
kilogram of paraffin based material. All 
agents were blended at 65 to 70^ C. and ihe 
liquid mixtures were poured into molds to 
make translucent solid slabs or disks. 











A. For Transmittance , Mea surements. Fig- 
ures 1 and 2 illustrate the apparatus used 
for transmittance measurements. A 2X4 
cm. photoelectric cell of the self-generating 
barrier-laver varietv* was placed 1n acir- 
cuit containing sensitivitv controls for 
standardization in addition to a mirror- 
tvpe galvanometer. To define the area of 
the dosimeter to be analvzed, the photo- 
electric cell was enclosed in a black metal 
container with a variable aperture and col- 
ored filters, which served as the search unit. 


* Model 610, Photovolt Corporation, New York, N. Y. 
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Vic. 1. Photograph of light transmittance measuring equipment: (a) light source, (b) dosimeter slab, (c) 
photoelectric search unit, and (d) sensitivity and calibration controls. The galvanometer is in the mid 


lower foreground. 


The galvanometer scale was 85 mm. long 
with too divisions and the instrument 
showed a linear response to the amount of 
light from divisions 5 through go. Fluores- 
cent lamps operating at 118 volts A.C, 
through a voltage regulator were used to 
provide a light source of constant intensity. 
This source was fitted with variable size 
openings and colored filters to control the 
light incident upon and through the dosi- 


meter. 
Isodose patterns were measured on slabs 
of dosimeter bv a phototube having spec- 
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tral intensity responses similar to those of 
the human eve. This search unit was 
equipped with a preampliner which gave 
the system a sensitivity 100 times greater 
than the barrier-laver arrangement. 

B. For Reflectance Measurements. A more 
complex probing head was needed for these 
studies (Fig. 3). The search unit had to 
contain its own light source as well as the 
pick-up or measuring barrier-laver photo- 
electric cell. The light source was a small 
incandescent lamp supplied with 6 volts 
A.C. from a constant voltage transformer. 


Gaivanometer 






Filter 
Constant 


Voltage 
Transformer 


A.C. Source 


Fic, 2 Schematic diagram of instruments and material shown in Figure 1, 


NOLO No. 3 


A second barrier-layer photoelectric cell 
served as a compensating device. Various 
colored filters and a white enamel cali- 
brated standard were emploved. 

C. Radiation Sources. A resonant trans- 
former x-ray machine was used at 280 kvp. 
to deliver radiation with a half value laver 
of 1. mm. Cu. Gamma 
greater penetration was obtained from a 
1,500 curie cobalt 60 teletherapy unit. Ex- 
cept for the larger isodose-pattern slabs 
which were exposed through 4X6 cm. 
fields at target-to-surface distances of so 
cm., all HAP dosimeter disks were irradi- 
ated in 8X8 cm. fields at a source-to-sur- 
face distance of 70 cm. The output of each 
of these sources was checked with a Vic- 
toreen r-meter calibrated by the National 
Bureau of Standards. 


METHODS AND RESULTS 

i. REFLECTANCE TECHNIQUE 
r " = E a a e i " "m ea hi =i a 
The galvanometer was standardized by a 


white enamel plaque having a reflectance of 
73 per cent for green light and 74 per cent 
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Vic. 3. Cross-sectional view of probing head 
for reflectance measurements. 
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Fic. 4. Relative reflectance-exposure dose relation- 

ships for two types of filters. The 20 mm. thick 

dosimeter had p-dimethylaminoazobenzene as the 
dye. 


for amber light. A search unit containing 
the coaxial-shaped photo-voltaic cells was 
placed directly on the surface of the dosim- 
eter, which rested on black paper to pre- 
vent light backscatter from the table. The 
ratio of meter reading after irradiation to 
the meter reading before irradiation was de- 
fined as the relative reflectance. With azo 
dves relative reflectance was reduced as the 
dose increased. 

A green filter was found to yield greater 
sensitivity than an amber filter, as shown 
by the data of Figure 4. 

As might be expected a comparison of 
techniques using reflected light with meth- 
ods using transmitted light shows a lower 
sensitivity for the reflectance method, prob- 
ably because less of the dosimeter is sub- 
jected to measurement. Minor surface im- 
perfections also distort the color patterns 
resulting in a curvilinear response at low 
doses, whereas with medium and high doses 
the response ts linear, 


Il. TRANSMITTANCE TECHNIQUE 


The area of the dosimeter to be measured 
was placed over the hole in the mask cover- 
ing the light source. The sensitivitv of the 
method could be varied and the effect of 
dosimeter thickness compensated by means 
of the sensitivity controls on the meter, the 
aperture sizes and the kind of filters used 
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Fie. 5. Transmitted light intensity as a function of 
wavelength. A represents an unirradiated disk of 
dosimeter; B represents a disk having received 300 
r; C gives the relative transmittance for the x- 
irradiated dosimeter. All disks were 5 mm. thick. 
The azo dye was 4-phenylazodiphenylamine. 


over search unit and light source. Most 
measurements have been expressed as rela- 
tive transmittance which is defined as fol- 
lows: 


% relative transmittance 


meter reading after irradiation 
= $$. & 109. 
meter reading before irradiation 


A. Spectral Dependence. ‘Transmitted 
light intensity was measured as a function 
of wavelength. Spectral dependence for the 
4-phenylazodiphenylamine-bromoform sys- 
tem 1s shown in Figure 5 with similar re- 
sponses found for p-dimethylaminoazoben- 
zene and p-phenylazoaniline. These studies 
indicated that the greatest absorption of 
light or the biggest differential between the 
nonirradiated and irradiated disk measure- 
ments occurred in the green portion of the 
spectrum. 

B. Filter Combinations. The effect of 
different filter combinations correlated well 
with the spectral responses as seen in Figure 
6, which shows that green-green combina- 
tions allow the best sensitivity. However, 
even though the sensitivity was increased 
by green filters in both places, in some in- 
stances the p-dimethylaminoazobenzene 
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Fio. 6. Effect of filters on sensitivity expressed as 
log relative transmittance in relation to radiation 
dose for bromoform with 4-phenylazodiphenyl- 
amine. Y means yellow and G means green with 
the first letter indicating the kind of filter at the 
light source and the second letter the filter in front 
of the photocell. 


response was nonlinear. It was made linear 
with a green filter at the light source and a 
yellow filter in front of the photoelectric 
cell. From the graphs in Figure 7, it is clear 
that the green-green combination gives a 
concave shape to the log R.T. vs. dose 
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Fig. 7. Filter color-linearity relationship of bromo- 
form with p-dimethylaminoazobenzene. The 
curves show log relative transmittance as a func- 
tion of exposure dose for a 10 mm. thick dosim- 
eter. A represents green-green and B green- 
yellow, 
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curve. Since linearity of the curve was 
desirable for practical reasons, various sets 
of filters were tried until the right ones were 
found. The graphs also show that at higher 
radiation doses the filter combinations re- 
sponsible for linearity can turn out to be 
the most sensitive. 

C. Light Beam Size. The dimensions of 
the light beam influence the sensitivity of 
the HAP dosimeter. Within the limits of 
this experiment the smallest apertures gave 
the highest dosimeter sensitivities (Fig. 8). 
Sizes smaller in diameter than 15 mm. were 
not explored because the photoelectric cell 
arrangement did not have the necessary re- 
sponse to the low photon intensities associ- 
ated with the narrower light beams. 

D. Dosimeter Thickness. 1t was logical to 
assume a greater sensitivity with an in- 
crease in dosimeter thickness, and this in- 
deed was found to be the case (Fig. 9). 
Chloroform and bromoform dosimeters of 
5, 10 and 15 mm. thickness were exposed to 
280 kvp. x-rays (1.5 mm. Cu half value 
layer) and gamma rays from a cobalt 60 
teletherapy unit. The results showed that in 
order to obtain a specific relative transmit- 
tance (e.g., 5o per cent) the 5 mm. dosim- 
eter needed twice the dose required for 
the 10 mm. disk and three times the expo- 
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Fic. 8. Effect of light beam size on sensitivity ex- 
pressed as log relative transmittance as a function 
of exposure dose in roentgens. In each case the 
diameter of the window at the light source and the 
search unit were the same for the measurements on 
Io mm. thick disks. 
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Fic. 9. Effect of dosimeter thickness on sensitivity 
log relative transmittance as a function of cobalt 
60 exposure dose in roentgens for a bromoform 
formulation with p-phenylazoaniline. Graph shows 
the standard deviation for three separately pre- 
pared series of disks. 


sure in roentgens used for the 15 mm. thick 
dosimeter. These findings were true for the 
same HAP composition and the same type 
and quality of radiation. 

The relationships described above could 
be expressed with the following formula: 


T = k(t x D) 


where T is the relative transmittance in 
per cent, & 1s a constant value due to dosim- 
eter composition, radiation quality and 
instrument settings, ¢ is thickness in milli- 
meters and D is the radiation exposure in 
roentgens. These relationships held at 
chloroform molalities from 0.5 to 2.0 and 
bromoform molalities from 0.4 to 1.6 for all 
three azo dyes. Figure 10 shows the effect of 
doubling the halogenated hydrocarbon or 
dye concentration on sensitivity in relation 
to dosimeter thickness. It is important to 
realize that iz had been shown previously 
that an increase in halogenated hydro- 
carbon concentration increases the degree 
of color chanze for a given radiation dose 
within rather definite limits.* Further and 
more extensive studies on this most inter- 
esting phenomenon will be presented in a 
subsequent paper. 

E. Light Extinction Coefficient. Attenua- 
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Fic. 10. Effect of dosimeter thickness and chemical 


concentrations on sensitivity of bromoform- 
PPAA formulations. 


tion rate of the visible light as it was ab- 
sorbed and scattered by the dosimeter be- 
ing analyzed was measured and expressed 
as the extinction coefficient. [n addition to 
x- and gamma-ray quality and dose on the 
extinction coefficient, the effects of chloro- 
form, bromoform and azo dye concentra- 
tions were studied betore and after irradia- 
tion. 

Light extinction coefficient curves for the 
chloroform systems were linear when ex- 
pressed as a function of increased exposure 
dose of x- or gamma-rays (Fig. 11 and 12). 
As a rule, the bromoform systems behaved 
similarly (Fig. 13 and 14); however, Figure 
E illustrates that the x- and gamma-ray 

responses of bromoform-azo dve svstems of 
the same molalitv may not be linear in all 
instances. f >_phenylazoaniline and 4-phenvl- 
azodiphenylamine showed straight-line re- 
sponses, while p-dimethylaminoazobenzene 
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Fig. 11. Extinction coefficients as a function of dose 
(280 kvp. x-rays, 1.5 mm. Cu half value layer). 
A: Chloroform 1.0 molal, PDAB 1.15 X 1074 molal. 
B: Chloroform 1.0 molal, PADA 1.15 X 1074 molal. 
C: Chloroform 1.0 molal, PADA 2.31074 molal. 
D: Chloroform 2.0 molal, PADA 1.15 X 107! molal, 
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Fic. 12. Extinction coefficient as a function of dose 
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was curvilinear for 280 kvp. x-rays. This 
bromoform p-dimethylaminoazobenzene POP ALT RO GAMME RAYS 
behavior to x-rays was repeated several 
times and analyzed with different filters but 
always with the same result. The reason for 
this deviation is not known. 

It is evident that dye concentrations 
_affect the slope of the extinction coefficients 
very little, whereas different concentrations 
of the halogenated compound have a much 
larger effect. 

The results indicate that the light extinc- 
tion coefficient increases on the basis of the 
following formula: 


u= potaD 


where u is the initial extinction coefficient 
before irradiation in cm.-!, œ is the incre- 
ment of light extinction coefficient per 
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5 280 kvp X-rays Fig. 14. Extinction coefficient as a function of dose 
F .3mmCu hvi (cobalt 60 gamma-rays). Bromoform molal con- 
| centrations: A=o.4; B, C, and D=o.8; E- 1.6. 
PPAA (1X:10^79 molal concentrations: ÀÁ— 1.15; 
B=4.6; C=2.3; D=4.6; Ez 1.15. 
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Fie. 13. Extinction coefficient as a function of dose . 
(280 kvp. X-rays 1.3 mm. Cu half value layer). DOSE IN ROENTGENS 
Bromoform molal concentrations: A=o.4; B, C, 
D, and E=o.8; F=1.6. PPAA (1X10) molal Fro. 15. Comparison of extinction coefficients of azo 
concentrations: A, C, and F=1.15; B=o.58; dyes (280 kvp. x-rays 1.3 mm. Cu half value layer 
D=2.3; E=4.6. and cobalt 60 gamma-rays). 
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Fie. 16. Standard reference curve which was used 
for isodose plotting. Three series of identically pre- 
pared dosimeter disks were exposed to different 
amounts of mnn and the color ch rinse meas- 


ening eta nce: 


roentgen in em.~', and D is the exposure 
dose 1n roentgens. 

Consequently, it is proper to assume that 
the relative transmittance decreased ac- 
cording to this tormula: 


R.T. (95) = 100 X e~ ested 


where Z is the thickness of the dosimeter in 
centimeters. Therefore, the transmittance 
can be corrected for variations in thickness 
for svstems of identical composition and 
the dose calculated for a given dosimeter 
thickness. 


HI. ISODOSE CURVES 

To compare the isodose patterns as de- 
termined from measurements of the HAP 
dosimeter with the generally accepted iso- 
dose curves, a one molal slab of a chloro- 
form dosimeter was prepared using 4- 
phenylazodiphenylamine as the dye in a 
concentration of I. pe 3 men 2 n 


and e ree Aaa ee y Mp do S75 tO 
molal concentration were added for reasons 
of stability. 

A large block made up of several dosim- 
eter gabe was irradiated with a surface 
dose of 1,500 r of 280 kvp. x-rays through a 


Maren, 1965 
4X6 cm. portal at a target-to-surface dis- 
tance of £o cm. From the central part of 
this phantom, a 6 mm. thick slab was re- 
moved and the color changes were anal- 
vzed. Figure 16 shows measurements ob- 
tained for three sets of dosimeters that were 
exposed to known quantities of the same 
x-rays. This graph served as a reference 
standard for the dose calculations in the slab 
having the dose distribution pattern. The 
actual isodose curves are presented in Fig- 
ure 17, which shows findings through the 
long axis of the 4X6 cm. field. 
DISCUSSION 

It is clear from these studies that the 
right type of photoelectric cell is essential if 
practical measurements of color change in 
the HAP dosimeter are to be obtained. The 
spectral response and the sensitivity must 
fall within specific limits, even though 
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Fic, 17. Comparison of isodose curves obtained with 
the HAP dosimeter (A) with a generally accepted 
set of 1sodose curves (B) for x-rays having a half 
value layer of 1.3 mm. copper. The HAP dosim- 
eter was 6 mm. thick and contained the following 
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analysis of the dosimeter can be enhanced 
with the proper filters. 

Light beam size influenced the sensitivity 
of the HAP dosimeter. Plans are underwav 
to use a highly sensitive photomultiplier 
search unit in probing the effects of verv 
small diameter light beams. With some 
dves the smaller beams seemed to give a 
more linear response. This apparent ditfer- 
ence in sensitivity and linearity with change 
in light beam diameter mav reflect a ditfer- 
ence in the ratio of the light absorbed and 
the light scattered by the translucent dosim- 
eter as seen by a particular photoelectric 
cell. 

In many discussions concerning electro- 
magnetic radiation attenuation in its pas- 
sage through particular materials, the rate 
of decrease in the intensity of a beam of 
photons is usually referred to as the absorp- 
tion coefhcient. The term is often used er- 
roneously for there has been a failure to 
recognize more than one cause for the de- 
crease in the light intensity. In general, 
there are two principal tvpes of attenuation 
that light, x-rays and gamma-rays experi- 
ence upon entering a body of matter. A 
larger or smaller part of the radiation will 
be subjected to scattering, being reflected in 
all directions, while the remainder is ab- 
sorbed by being converted into other forms 
of energy. In many instances the scattered 
radiation may still be etfective in the same 
ways as the original; however, the absorbed 
portion ceases to exist as electromagnetic 
radiation. In the case of HAP dosimeter 
measurements, it i$ important to distin- 
guish between the true absorption coeff- 
cient and the scattering coefficient, so for 
practical purposes the two are added to- 
gether as the total attenuation or the ex- 
tinction coefficient. 

From precise measurements of radiation 
which has passed through various thick- 
nesses of a substance, it has been deter- 
mined that an infinitely thin layer of the 
medium perpendicular to the direction of 
the electromagnetic wave propagation re- 
duces the radiation flux density bv a frac- 
tion of its value proportional to the thick- 
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ness of the layer, and by integration the 
flux density can be calculated for a given 
penetration of the material according to the 
following formula: 


where x is the distance traversed in the 
medium, and /, is the flux density immedi- 
ately after entrance into the medium 
(v=o). The constant, o, can be either the 
absorption coefficient, the scattering coeffi- 
cient or represent the total attenuation as 
the extinction coefficient. 

The extinction coefficient may be deter- 
mined for the total radiation which enters 
the attenuating medium or it mav be cal- 
culated for certain wavelengths as a spec- 
tral extinction coefficient. Through the use 
ot filters, the extinction coefficient is applied 
to a narrower band of wavelengths, thereby 
enhancing the contrast or widening the 
difference between unirradiated and irradi- 
ated dosimeters. 

A careful studv of the isodose patterns in 
Figure 17 reveals a close similarity between 
the HAP dosimeter and a standard refer- 
ence set of curves. However, there are 
differences that have appeared each time 
the experiment has been conducted. The 
midline or central axis doses are in fairly 
good agreement but the slope of the isodose 
curves is different. Also, scatter outside of 
the direct beam is much more pronounced 
in the HAP dosimeter. The reasons for 
these discrepancies of dose distribution be- 
tween the two methods is not known, but 
some speculations can be made. 

One possibility is that there is nonuni- 
formity in the dosimeter composition. 
Another possible answer is that because of 
the chlorine or bromine we are seeing a Z 
effect. An explanation that must also be in- 
cluded is based on the kind of radiation 
that affects the HAP dosimeter as com- 
pared to what attects an ionization cham- 
photons with energies capable of producing 
ionization down to photons in the ultra- 
violet and even in the visible light range. 
Thus the HAP dosimeter sees the original 
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radiation plus much of the "degradation" 
radiation. An ionization chamber will 
measure only the photons of higher energy 
or those capable of passing thr ough the wall 
of the chamber. 

It the latter explanation has any validity, 
then the effect should be greater at lower x- 
and gamma-ray energies. The impression is 
that this may be the case. It would also 
seem that the value of these formulations as 
accurate dosimeters tor biologic systems 
might be open to question, However, after 
careful consideration there is reason to be- 
lieve that the HAP dosimeter may even 
give a truer index of radiation effects in liv- 
ing tissue. We know that ultraviolet light 
can profoundly affect living cells and lately 
more reports are appearing about the dam- 
aging properties to certain cells of photons 
in the visible light range. Perhaps, a sig- 
nificant part of radiobiologic phenomena 
is the result of ultraviolet and visible light 


photons that are attenuation products of 


the original ionizing radiation. Living cells 
deep in tissues may possibly be sensitive to 
these less energetic photons that are not 
usually me asured. More studies are under- 
way in an attempt to clarify some of the 
questions that have arisen. 


CONCLUSIONS 


. The solid in-phantom HAP dosimeter 
( H : locsneted compound-Azo dve-Paraffin 
base) can be quantitatively analyzed for 
color changes as a function of radiation 
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dose using photoelectric cell techniques. 

Reflectance and transmittance meas- 
urements of light intensity can be used. The 
relative transmittance technique is more 
sensitive and more practical. 

3. Log relative transmittance and extinc- 
tion coefficients (sum of absorption and 
scatter coefficients) as a function of ionizing 
radiation dose, in general, display a graphic 
— 

Isodose patterns obtained by measur- 
ing eee in irradiated HAP systems have 
compared favorably with the standard 
curves for the same radiation quality. The 
central axis doses were in reasonably good 
agreement, but away from the midline 
there was a difference in the shape of the 
isodose contours for the two methods. 

Majic S. Potsaid, M.D. 
Massachusetts General Hospital 
Boston 14, Massachusetts 
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THE EFFECTS OF CHEMICAL CONCENTRATIONS 
AND CHEMICAL MODIFIERS ON THE 
HAP DOSIMETER* 


By MAJIC S. POTSAID, M.D.,t and TOSHIJI UMEZAWA, M.D.1 


BOSTON, MASSACHUSETTS 


Hr vl compounds and indi- 
cators in a high molecular weight or- 
ganic matrix have been found to fill many 
criteria of a practical in-phantom dosim- 
eter.^*45 Particularly useful have been 
HAP dosimeters consisting of Halogenated 
hydrocarbons and Azo. dyes in Paraffin. 
Gamma-rays, x-rays, electrons and protons 
have caused the portions of the phantom 
exposed to ionizing radiation to undergo 
immediate color changes which have been 
proportional to absorbed dose. It has been 
shown previously that the colors of the 
dosimeter, before and after irradiation may 
be quantified and accurately correlated 
with radiation dose.* 

One of the advantages of the HAP sys- 
tem is the ease with which electron density 
and Z values can be changed and made 
closely equivalent to soft tissue. Fortu- 
nately, varying the composition in such a 
way that it approximates animal or human 
soft tissue affects the sensitivity favorably 
in that, low halogenated hydrocarbon con- 
centration systems and consequently more 
desirable solid formulations exhibit the 
greatest change in radiation-induced color. 
Since it has been established that, in this 
kind of system, the halogenated hydro- 
carbon is probably the agent undergoing 
radiolysis, these findings appear to deviate 
from Beer's law. For example, 2 dosimeters 
having chloroform in the same matrix with 
the same dye should absorb the same 
amount of measuring light after the same 
amount of ionizing radiation if one has 
twice the mole concentration of chloroform 
but 1s one-half the thickness of the other. 
With the HAP system this does not occur. 


This deviation from Beer's law 1s striking, 
as has been previously shown and re- 
ported.*^* Quantitative experimental data 
on these observations, the effects of dye 
concentrations and studies concerned with 
chemical agents modifying the behavior of 
the HAP dosimeter wil! be presented in 
this paper. 


MATERIALS AND EQUIPMENT 


Chloroform and bromoform were the 
halogen compounds mixed in a paraffin ma- 
trix. The three dyes, 4-phenylazodiphenyl- 
amine (PADA), p-dimethylaminoazoben- 
zene (PDAB), and p-phenylazoaniline 
(PPAA), were used as indicators. One azo 
dye, p-phenylazophenol was employed as a 
sensitivity-modifying chemical. The main 
groups of modifying agents were alcohols 
and phenols. Several alcohols were studied 
and these were: ethyl, benzyl, heptyl, 
methoxybutanol, phenylbutanol, hexane- 
diol, ethylnonanol, dimethylcyclohexanol, 
and dihydroxymethylbutane. The phenols 
were as follows: phenol, resorcinol, hexyl- 
resorcinol and pyrogallol. 

The photoelectronic measuring instru- 
ments were those described in the preceding 
article. Dosimeter formulations were ex- 
posed to x-ray (280 kvp., 1.5 mm. Cu half 
value layer) and gamma-ray (cobalt 60) 
Sources. 


RESULTS 


A. Effects of Halogenated Hydrocarbon 
Concentrations on Sensitivity. Several molal 
concentrations of chloroform and bromo- 
form were examined’ for radiation-induced 
color intensity using each of the three azo 


* Presented at the Sixty-third Annual Meeting of the American Roentgen Ray Society, Washington, D. C., October 2-5, 1962. 
T Clinical Associate in Radiology, Harvard Medical School, Associate Radiologist, Messachusetts General Hospital, Boston, Mass- 
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Fic. 1. Effect of chloroform concentration on sensi- 
tivity, The steeper the curve, the greater the sensi- 
tivity. 


dyes in the same 1.15X 107* molal concen- 
tration. Figures 1 and 2 show the data ob- 
tained with 4-phenylazodiphenylamine. 
The graphs shown in Figures 3 and 4 were 
obtained by determining the dose of x-rays 
necessary to reduce the relative transmit- 
tance to 37 per cent. 

These studies indicated that 1.5 to 2.0 
molal concentrations of chloroform and 4.0 
to 6.0 molal concentrations of bromoform 
resulted in the greatest measurable change 
in color. With chloroform, 4-phenylazodi- 
phenylamine was most sensitive in all 
ranges of halogenated hydrocarbon concen- 
trations, but, with bromoform in concen- 
trations lower than 3.0 molal, p-phenylazo- 
aniline was best and, at concentrations 
above 3.0 molal, 4-phenvlazodiphenylamine 
gave the greatest sensitivity. Of the three 
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dyes p-dimethylaminoazobenzene held in- 
termediate or less sensitive positions in 
most instances. 

B. Effects of Dye Concentration on Sensi- 
tivity. All three azo dyes were tested for 
sensitivity in concentrations ranging from 
0.6 to 2.4X 10^! molal in systems contain- 
ing 1.0 and 1.§ molal concentrations of 
chloroform, and were examined also in the 
same way as for the studies on halogenated 
hydrocarbon concentration effects. The 
relative transmittance was measured as a 
function of exposure dose in roentgens in 15 
mm. thick dosimeters. The sensitivitv of 
each dve concentration was likewise com- 
pared by determining the dose required to 
reduce the relative transmittance to 37 per 
cent, 

The findings showed that dye concentra- 
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Fig. 2. Effect of bromoform concentration 
on sensitivity. 
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Fie. 3. Effect of chloroform concentration on sensi- 
tivity expressed as x-ray dose required to reduce 
the transmission of measuring light from 100 to 
37 per cent. 
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Fio. 4. Effect of bromoform concentration on sensi- 
tivity expressed as x-ray dose required to reduce 
the transmission of measuring light from 100 to 37 
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Fic. 5. Effect of dye concentration on sensitivity 
expressed as x-ray dose required to reduce measur- 
ing light trarsmission from 100 to 37 per cent in 
chloroform. A comparison of the 1.0 molal formu- 
lation with tne 1.5 molal dosimeter indicates the 
pronounced effect of halogenated hydrocarbon 
concentration. 


tions generally had less of an effect on sen- 
sitivity than chloroform and bromoform 
concentrations. Ás shown in Figures 5 and 
6, two dyes, p-dimethylaminoazobenzene 
and p-phenylazoaniline, had peak responses 
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Fic. 6. Effect of dye concentration on 
bromoform formulation. 
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at about 1.15 X 107? molal concentration for 
both concentrations of chloroform, and 
peak responses between 1.5 and 1.8X107 
molal concentrations for the bromotorm 
system. The dve, 4- -phenylazodiphenyla- 
mine, was most striking i in its response as it 
gave a pos flat and linear curve for the 
concentrations studied and affected sensi- 
tivitv the least. 

C. Effects of Alcohols. The following 
alcohols were added in various amounts to 
systems containing chloroform or bromo- 
form and one of the three azo dves: di- 
methylcyclohexanol, ethylnonanol, heptyl 
alcohol, butanediol, hexanediol, methylbu- 
tanol, phenylbutanol, dihydroxymethylbu- 
tane, benzyl alcohol and ethyl alcohol. 
Methyl alcohol could not be tested because 
of its low boiling point. Relative transmit- 
tance measurements of color intensity were 
made as described above. 

With the exception of benzyl alcohol, 
these agents did not affect the sensitivity 
significantly when used up to concentra- 
tions of about 1 to 2 molal. Higher concen- 
trations decreased the sensitivitv of the 
dosimeter. All alcohols increased color- 
holding, that 1s, thev protected the dosim- 
eter against color fading with time. 
Benzyl alcohol was the only one of this 
group of agents that increased the sensi- 
tivity of the HAP system. A 1 molal chloro- 
form system with 4-phenvlazodiphenyla- 
mine containing o.1 molal benzyl alcohol 
required approximatelv 15 per cent less x- 
ray exposure to produce the same intensity 
of color change in the dosimeter. Dihydrox- 
vmethylbutane and benzyl alcohol ex- 
hibited the best color-holding properties of 
the alcohols examined. 

D. Effects of Phenolic Compounds. Phe- 
nol, resorcinol, hexylresorcinol and pyrogal- 
lol in various concentrations were tried in 
bromoform systems of 0.2 and o.8 molal 
and chloroform systems of 1.0 and 2.0 
molal. Two azo dyes, p-dimethylaminoazo- 
benzene and 4-phenylazodiphenylamine, in 
1.15X 107* molal concentrations were the 
indicators. 

All the phenolic compounds listed above 
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enhanced radiation-induced color changes. 
As little as 1X10 molal of resorcinol 
caused the sensitivity of the chloroform 
system to rise approximately so per cent, 
whereas it took about 5X10 molal of 
hexylresorcinol to accomplish a similar 
effect. Increasing the concentration. of 
phenols much bevond the levels mentioned 
tor the resorcinols raised the levels of sensi- 
tivity and absolute gain relatively little. 
These agents also showed good color-hold- 
ing properties though they also increased 
the sensitivity of the dosimeter to sunlight. 
Of this group of phenols, hexylresorcinol 
was the easiest to dissolve in the dosimeter 
and was the best as a protector against 
color fading after irradiation. 

Hexylresorcinol had another valuable 
and interesting property of protecting the 
ditferent formulations against the deleteri- 
ous effects of small concentrations of pure 
water on radiation-induced colors. It takes 
only o.cot per cent of water by weight in a 
HAP formulation without a protecting and 
stabilizing agent to eliminate all or nearly 
all of the radiation-produced color. Even 
with less than o.co1 per cent water, the 
color would fade in a matter of minutes. 
Water has been one of the strongest chemi- 
cal modifiers of the HAP svstem and had 
been responsible for many confusing incon- 
sistencies that were originally observed. ; 
£X 107? molal concentration of hexvlresor- 
cinol has protected the dosimeter against 
O.& per cent water by weight as shown in 
Figures 7 and 8. All. water-contaminated 
dosimeters that were studied had their 
sensitivity, stability, and reproducibility 
restored by hexvlresorcinol. 

E. Effects of Phenolic Azo Dye. Another 
fascinating chemical modifier was p-pheny- 
lazophenol, both an azo dye and a phenol, 
which was found to reduce the sensitivity 
of the dosimeter to sunlight and still per- 
mitted the system to retain, and in higher 
concentrations even increase slightly, the 
sensitivity to ionizing radiation. As an indi- 
cator by itself, it was not useful but in 
combinations with other azo dyes it im- 
proved certain characteristics of the HAP 
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Fie. 7. Protection against water effects. A had o.1 
per cent water added; B had no additions; C had 
O.I per cent water and contained $X10 ? molal 
concentration of hexylresorcinol; and D contained 
5$X107? molal hexylresorcinol without the addi- 
tion of water. 


system. This protection to photons in the 
ultraviolet range, but not to more energetic 
radiation (Fig. g and 10), was more pro- 
nounced with chloroform than with bromo- 
form and was not significantly affected by 
doubling the concentration of chloroform. 
The effects of o to 12.0X 1074 molal concen- 
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trations of p-phenylazophenol (PPAP) 
were examined in formulations containing 
1.2X 107^ molal of p-dimethylaminoazoben- 
zene (PDAB; and 4-phenylazodiphenyla- 
mine (PADA) as indicators. The concen- 
trations of chloroform were 1.0 and 2.0 
molal and when bromoform was the halo- 
genated hydrocarbon it was in a o.2 molal 
concentration. 

A ratio was used to express the length of 
sunlight-exposure time needed to change 
the color of the dosimeter so the transmis- 
sion of measuring light through it was re- 
duced 10 per cent. The exposure ratio was 
obtained by taking the time required to 
reduce relative transmittance from 100 to 
go per cent with p-phenylazophenol and 
dividing that by the time required to ob- 
tain the same value in a dosimeter without 
PPAP (time for conc. x/time for conc.o). 
One set of findings is presented in Table 1. 
It was also found that concentrations of p- 
phenylazophenol over 6.0 X 107* molal gave 
the unirradiated dosimeter an initial color 
that was a deeper yellow than desired and 
this resulted in dose distribution patterns 
of lower contrast. 

In the next set of experiments, 5.0 and 
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Fra. 8. Effect of chemical modifiers on fading. Note the fine stability of the hexylresorcinol system. 
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Fie. 9. Effect of p-phenylazophenol and hexyl- 
resorcinol on sensitivity to x-rays. A has a molal 
concentration of PPAP that is three times that of 
PADA; B is a formulation without PPAP or 
hexviresorcinol; C contains five times as much 
PPAP as PADA with the addition of 5 X 10°? molal 
hexylresorcinol; D contains three times as much 
PPAP as PADA and a 5X 10 ? molal concentration 
of hexylresorcinol; and E has 5 X 10? molal hexyl- 
resorcinol but no PPAP. 


10.0X 10^? molal concentrations of hexvlre- 
sorcinol were added to the same chloroform 
and bromoform dosimeters containing p- 
phenvlazophenol. Hexylresorcinol contin- 
ued to exert its radiation sensitivity-en- 
hancing properties while it retained its 
color-holding characteristics without elimi- 
nating the protective effect of PPAP. These 
findings are shown in Tables i1 and 111, and 
Figures 9 and 10. 
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DISCUSSION 


Low concentrations of halogenated hy- 
drocarbon in the HAP system have con- 
sistently produced more color change from 
a given radiation dose than high concentra- 
tions, This is an unexpected finding because 
it has been long established that the radio- 
lysis of chloroform will result in acid pro- 
duction,! and, the higher the concentration 
of halogenated hydrocarbon subjected to 
thesame amount of radiation in dosimeters, 
the more acid there should be and the more 
color change there should be in the indica- 
tor. Phe observed phenomena might ap- 
pear to deviate from Beer’s law in terms 
of the relationship of amount of halogen- 
ated hydrocarbon breakdown due to radia- 
tion, and the degree or amount of color 
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Fic. 10. Effect of p-phenylazophenol with and with- 
out hexvlresorcinol on sensitivity of the HAP sys- 
tem to x rays. 
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:hange recorded. This may be considered a 
leviation if it is accepted that Beer's law 
zan be applied to such solid chemical sys- 
“ems. 

Preliminary experiments have been con- 
lucted to determine the amount of acid 
oroduced with various concentrations of 
yalogenated hydrocarbon bv a given dose 
of x-irradiation. Solid HAP systems with 
paraffin as the matrix and liquid systems 
with heavy mineral oil, instead of paraffin 
as the base, were treated with distilled 
water to extract acids that were formed. 
Titration and pH measurements indicated 
stronglv that acid production was directly 
proportional, or nearlv so, to the concen- 
trations of chloroform and bromoform. 
This has meant that the acid is formed but 
is not manifesting itself proportionately as a 
color change in the indicator dve. 

The degree of color change may simply 
be a matter of variations in the physical 
state of the solid dosimeter as brought 
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about by the different concentrations of 
the halogenated hydrocarbon with a resul- 
tant change’ in the color centers, perhaps in 
much the same way as a highly chromatic 
crystal can be powdered to lose color and 
become almost white. Another possibility 
is that, at certain concentrations of halo- 
genated hydrocarbon, dye and matrix, an 
optimum physical situation exists to create 
a complex that permits the best formation 
of color centers. There are reasons to sus- 
pect the aie in ns m amount of EGIT 


trations Is often so  pronounc en 

As part of other pilot studies, hydro- 
chloric acid gas was dissolved in alcohol and 
identical amounts of this mixture were 
placed in HAP formulations containing 
different amounts of chloroform. Under 
these conditions the peak color change was 
again seen in the 1 and 2 or low molal con- 
centrations as shown in Figure t. Perhaps, 
also in further support of the idea suggest- 
ing formation of a better color complex, 
may be the fact that dye concentrations 
also exhibited a small but definite peak 
response even in optimal concentrations of 
chloroform and bromoform. 

Methane and its halogenated derivatives 
have an unusual ability to attract water 
and form hydrate microcrystals. Chloro- 
form and bromoform possess these proper- 
ties. The profound effects of small quanti- 
ties of water in the HAP svstem may be ex- 
plained on the basis of a disruption of deli- 

cate spatial relationships of the components 
bv hvdration or an attempt at hydration of 
the halogenated hvdrocarbon. Hexy lresor- 
cinol, by blocking the profound effect of 
water in eliminating radiation-induced 
colors, may be preventing the hydration of 
chloroform and bromoform. Without a pro- 
tective agent such as a phenol, the radia- 
tion-formed acid may have more affinity 
for the water than the dye. 

In a sense, alcohols and phenols reinforce 
the color complex or color center. These 
same compounds have been used as stabili- 
zers in aqueous chloroform chemical radia- 
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tion dosimeters, but, when they are used in 
those systems, the sensitivity or radiation- 
induced color is less. In the paraffin base 
formulations, the phenols, especially, in- 
crease the sensitivity and the color yield. 
The effects of these agents are completely 
opposite in aqueous systems as compared to 
the non-aqueous HAP dosimeters. 

The protective effect of p-phenylazo- 
phenol against photons in the ultraviolet 
range but not against more energetic x-ray 
photons is somewhat baffling. Just how 
that compound might have something to do 
with a color center complex or just how it 
might dissipate or absorb the energy of 
ultraviolet photons without a color change 
is dificult to picture. More investigation is 
needed on this most fascinating phenome- 
non. 


CONCLUSION 


In the solid matrix HAP chemical dosi- 
meter: 

1. The concentration of halogenated hy- 
drocarbon shows a peak response to radia- 
tion that permits a favorable sensitivity in 
formulations approaching soft-tissue equiv- 
alence. 

2. The dye concentration influences the 
radiation-induced color change but in a 
manner that is less significant. 

3. Alcohols stabilize the dosimeter color 
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and in a few instances increase the dosim- 
eter response to radiation. 

4. Phenols not only increase dosimeter 
sensitivity and prevent color fading but 
can eliminate the deleterious effects of trace 
amounts of water. 

5. At least one phenolic azo dye seems to 
have the most unusual property of influenc- 
ing the HAP system differently for ionizing 
and non-ionizing electromagnetic radiation, 
Majic S. Potsaid, M.D. 


Massachusetts General Hospital . 
Boston 14, Massachusetts 


REFERENCES 
1. GunTHER, P., Von Der Horst, H. D., and 
Cronuermm, C. F. Ztschr. f. Electrochem., 1928, 


34, 616. 
2. LANE, F. W., JR., Jounson, N. M., and BAncoor, 


F. J. Technic of experimental dosimetry for 
intracavitary radium applicators. Radiology, 
1964, 82, 827-830. 

3. Porsarp, M. S., and Irie, G. Paraffin base halo- 
genated hydrocarbon chemical dosimeters. 
Radiology, 1961, 77, 61-65. 

4. Porsaip, M. S., and Irie, G. An in-phantom 
radiation detector. New England F. Med., 1961, 
265, 1135-1139. 

5. Porsaip, M. S. Dosimeters: Solid “phantom.” 
In: The Encyclopedia of X-Rays and Gamma 
Rays. Editor, G. Clark. Reinhold Publishing 
Corporation, New York, 1963, pp. 279-290. 

6. Porsaip, M. S, and Umezawa, T. Ionizing 
radiation color measurements of HAP dosim- 
eter. Am. J. ROENTGENOL., Rap. THERAPY & 
NucLEAR MED., 1965, 93, 715—724. 


Cd 


Vor. 93, No. 3 


BASIC CONCEPTS AND DESIGN OF A TOTAL INFOR- 
MATION STORAGE AND DATA EXTRACTION 
SYSTEM FOR RADIOISOTOPE SCANNING* 


By E. C. GREGG, Pa. D., W. H. VOELKER, Pu.D., J. P. STOR AASLI, M.D., 
and H. L. FRIEDELL, M. D., Py. D. 


CLEVELAND, OHIO 


M^^5Y devices and techniques have 

been both proposed and used to date 
for the visualization of the distribution of 
radioisotopes in internal body organs. Un- 
fortunately, no adequate criteria of opera- 
tional performance have been established 
and the judgment of a particular svstem 
has been almost entirely subjective. It is the 
purpose here to describe a philosophy of 
approach, a working system that we feel 
performs in a manner superior to most svs- 
tems available today, and, finally, the clini- 
cal results illustrating the principles in- 
volved. 

Stated succinctly, our objective has been 
to design a system by which all informa- 
tion received by the detector with little or 
no distortion can be stored permanently 
and conveniently, and which later allows 
the rapid extraction of the original data 
with ancillary devices to enhance the visual 
detection of the size and shape of any ab- 
normalities. It is not to be implied that we 
have an optimum system since the problem 
is very complex and not all facets have vet 
been specified or analyzed-—particularly 
those relating the detector response to the 
true organ distribution. 


BASIC CONSIDERATIONS 


Generally, one is not only concerned with 
the distribution of radioisotopes in the vol- 
ume of the organ but also with the detec- 
tion of abnormalities in such a EE 
While this implies a thorough study « 
normals, it also demands an den AR 
of the problems inherent in detecting small 
differences. Since the original signal is ran- 


dom in time, the problem reduces to a con- 
sideration of the statistics of detecting a 
randomly varying signal in a randomly 
varying background. This is not quite the 
same as is usually considered in communi- 
cation theory where random “noise” dis- 
guises an absolute ‘ signal." In general, the 
statistical variations in the signal itself 
must always be considered and the addition 
of noise (collimator leakage, scatter, tube 
noise, etc.) appears as more signal of the 
same character. 

Any system containing the above limita- 
tions due to statistics must necessarily in- 
volve judgment on the part of the observer 
as to the significance of any particular ob- 
servation. While clinical considerations 
may give special weight and impact to any 
observation, such should enter in only after 
statistical significance has been established. 

Many systems have been designed to 
present the data for ready analvsis. The 
simplest is the use of "profiles" which are 
graphs of count-rate versus ad for a 
large number of "slices" through the organ. 
While these profiles represent all the avail- 
able data, the process of reconstructing the 
distribution j in the original organ is labori- 
ous and time consuming. If one does com- 
pound such profiles,* one obtains a "sur- 
face" whose undulations are a measure of 
the activity distributed in depth in the 
organ as detected by the collimator. This is 
still a two dimensional plot of the organ 
since the activity in depth may not bear 
any relation to the physical size of the organ 
in this dimension. Collimator characteris- 
tics are of extreme importance when at- 


* Presented at the Forty-sixth Annual Meeting of the American Radium Society, White Sulphur Springs, West Vi irginia, April 13- 
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tempting to assess this third dimension. 
Under any circumstance, this method of 
presenting a surface uses the eye as a sim- 
ple auto-correlation device to establish that 
a given change in one profile is significant 
since other nearby profiles had an equiva- 
lent change that indicated a geometric ab- 
normality of a given size. It is important to 
keep in mind, however, that scanning the 
same area with a larger collimator that pro- 
duces one profile would establish the pres- 
ence of an abnormality with equal signifi- 
cance. Multiple scans with a smaller col- 
limator reduce the statistical accuracy of 
each profile but the resultant profile surface 
and an eye analysis produce about the same 
result with the added feature of determina- 
tion of size of the abnormality. The clini- 
cian must decide on the compromise be- 
tween detectability of deviation from 
normal and accurate outline, since increas- 
ing one diminishes the other for a given 
organ activity and scan time. Such a limita- 
tion arises because of the statistical nature 
of the signal combined with noise where in- 
creased resolution results in decreased 
counts with a corresponding increase in the 
statistical variations. 

Photoscanning and “dot” or “dash” on 
paper are merely methods of presenting the 
above mentioned profile surface with varia- 
tions in density or number of spots per unit 
area representing the signal in depth. Some 
investigators have resorted to color differ- 
ences but the fact is that the dynamic range 
of the normal eye for color change is much 
smaller than that for intensity differences. 
The disadvantage of all these visual sys- 
tems is that even though it is represented, 
the actual data in depth are generally lost 
and one has a more difficult task in assess- 
ing significance of any change. Visual aids 
such as contrast enhancement, background 
erase, etc., have been developed to assist 
the eye in detecting abnormalities in such 
presentations. It is to be emphasized that 
these never add any information and gen- 
erally reduce it. While in certain cases this 
loss may not be important, it is irrevocable 
in most of the equipment today and re- 
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quires prejudgment on the part of the ob- 
server. A useful solution to this is total 
information storage prior to analysis. Such 
storage can be either short-time or long- 
time depending on the desires of the ob- 
server and his problems with records. Long- 
time total storage elements that may be 
attached to the patient’s record are to be 
preferred. 


STATISTICS, RESOLUTION 
AND DETECTABILITY 


Recognizing the fact that a visual scan is 
simply another way of presenting a series of 
profile cuts, let us examine the statistics 
involved without reference to the capabil- 
ity of the collimator to define any particu- 
lar abnormality. Consider a square collima- 
tor of effective side d and area d projected 
on a plane containing radioactivity E 
counts per unit area per unit time over an 
area 4,. Also assume the total scan time to 
be T, with the scanning performed in lines 
a distance d apart. By definition the col- 
limator "sees" a rate of a counts per min- 
ute, produces a total scan count of aT, and 
will present on any visual presentation a 
total count (or density equivalent thereto) 
of a T,/ 4, per unit area. 

While the total information content in- 
volves d because of resolution, it is obvious 
that for a given d, the information content 
is proportional to ET,. These parameters 
are generally fixed by clinical considera- 
tions. It is also obvious that for a given d, 
T,, and E it theoretically makes no differ- 
ence whether the adjacent line scans are 
just touching or a system of sub-integral 
overlaps is used. The only difference is the 
appearance (or apparent resolution) of the 
edge or a discontinuity in the direction of 
the line scan steps. The term "apparent" 
resolution 1s used since, for a point discon- 
tinuity, all that is reproduced are the char- 
acteristics of the collimator. The visual pat- 
tern has no resemblance to the actual dis- 
continuity. Further, a discontinuity of 
length d will be reproduced as having a base 
2d in length. To have the same apparent 
resolution vertically as one does ‘horizon- 
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tally would require an infinite number of 
sub-integral overlaps. The visual record 
will reproduce the actual abnormality only 
when the abnormality is much larger (;.e., 
a factor of 10 or more) than the projected 
size of the scanning aperture. Such an 
effect, however, can be of aid in assessing 
statistical significance since no recorded 
discontinuity can be smaller than the pro- 
jected aperture. 

If one plots a profile, the actual data are 
the detected count rate a modified by the 
time constant in the rate meter. Since scan- 
ning is really a motion of the viewing head, 
the resolution in the direction of scan may 
be represented by time, and the time re- 
quired to move the head a distance d is 
obviously T,7*/44,. If a rate meter with a 
time constant RC is subjected to a sudden 
change, a time 


fo= RC[o.394+ (4) In 2aRC] 


is required for the output to come to an 
equilibrium differing from the new average 
value by less than one standard deviation? 
Figure 1 is a graph of the relationship be- 
tween /, and a for various RC. If one wishes 
to preserve the resolution of the collimator, 
then 7, must be less than the time required 
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Fic. 1. Equilibrium time 4 as a function of counting 
rate for various rate meter time constants. 
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to scan d. How much less is a matter of 
judgment regarding resolution criteria and 
we shall assume a factor of 4. If the RC 
time is made longer, one gains in statistical 
accuracy at the expense of resolution. Loss 
in resolution will also affect the total infor- 
mation since numerically fewer large ap- 
parent defects can be presented in a given 
field. Another disadvantage that arises in 
visual presentation is that for large appar- 
ent defects, the eye is apparently more 
sensitive to sharp boundaries and edge 
gradients are naturally reduced by large 
time constants. 

Án interesting consequence of this time 
lag of count rate meters is that all scan lines 
should be traversed in the same direction 
since if they were traversed in alternate di- 
rections, alternate profiles would be dis- 
placed by 24 or a distance d=24,4,/T.d. 

With the above limitation on time con- 
stant, it can be shown that the fractional 
standard deviation of the plotted output of 
the rate meter at any given time is F.S.D. 
—(2aRC)-12, Consideration of statistics 
tells us that 31.7 per cent of all observations 
will fall further than one standard devia- 
tion, § per cent further than two and 0.3 
per cent further than three. If we assume 
that the shape of the apparent disconti- 
nulty will be an aid in identification (4.e., 
minimizing spurious choices), we may pro- 
pose that a new signal Æ’ will be signifi- 
cantly different when it differs by more 
than 2 standard deviations from E. Thus 
the minimum observable fractional change 
is then E— E'/ E-2(2aRC)-1? where RC is 
determined by the condition 7,— T4 /44.. 
This is shown in Figure 2. 

Some typical values for a liver scan with 
a single bore collimator are «740 counts 
per second, 7,«2,400 seconds, 4,~120 
square inches, and d~o.5 inches. This leads 
to af,==1.25 seconds and RC —0.55 seconds. 
From these, the minimum observable frac- 
tional change is 32 per cent. This is for the 
signal as seen by the detector. It is obvious 
that if the signal contains noise (back- 
ground, leakage, scatter, etc.) a much 
larger change must occur in the isotope dis- 
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tribution before it can be observed on a 
profile. These limitations will be discussed 
in another paper. 

In the above calculation, it is obvious 
that one is demanding a good resolution in 
the direction of the scan and a very poor 
one in the direction of the steps. Most in- 
vestigators speed up the scan motion by a 
factor of 4 and use 7/4 sub-integral steps. 
For the same RC time and total scan time, 
we see that the minimum observable lac: 
tional change for such a speed-up remains 
the same, but the vertical resolution 1s 1m- 
proved by a factor of 4 while the horizontal 
resolution is reduced by the same rege 
This illustrates again the fact that for : 
given KE and T, the total information re- 
mains constant and that all we do is change 
the manner of presentation. 

If we now make a visual picture by re- 
cording all observed counts in their proper 
geometric areas of detection and 1f no time 
constants are involved, we have the prob- 
lem of discerning an area equal to a? con- 
taining a^ T,4*/.4, counts immersed in a uni- 
form field of count density aL / A, per d 
area. Now data on the characteristics of 
the eve? show that to be reasonably certain 
that a given observed area 1s not spurious, 
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the events in the observed area must differ 
by at least 4 standard deviations from the 
events in a similar area in the surrounds. 


For our case, this may be expressed as 
E'—-E 


m [m T: iB 
i xod 
x A, 


provided the picture is minified sufficiently 
that the eve integrates the counts over area 
d. For the FH data, this leads to à mini- 
mum observable frac tional change of 27 per 
cent. Considering. the iun QU. in- 
volved, it is reasonable to conclude that 
both methods are equivalent and one can 
obtain the same information whether one 
compounds profiles or uses a total storage 
visual method. 

One can show that the detected count 
rate of any cvlinder (f.e. straight bore 
collimator) is related to the effective col- 
limator width d by the relation a= K Ed 
where A is a constant determined by the 
thickness of the collimator, distance from 
the plane of observation, etc. Assuming for 
high count rates that ¢,=2RC and that the 
desired resolution for the profile is 7— 4/4, 
the expressions for the minimum observed 
fractional change for both svstems may be 
shown to approximate 


m 
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which reduces to MOPFCzzd-?, 
case mentioned previously. This analvsis 
shows a far more sensitive dependence on 
aperture size than on isotope concentration 
or scan time—indicating that one should 
use as large an aperture as possible for a 
given clinical problem. The above analysis 
assumes, of course, that the abnormality 1$ 
larger than d’. Optimum sensitivity will be 
reached when the abnormality is equal to 
d? and decreases as DE aperture is made 
larger. E (~8 
cps), the ee of i RC weighting fac- 
tor of the rate meter makes the above ex- 
pression for MOFC a factor of two larger 
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for profile presentation than for the visual 
storage. 

Visual presentation in practice has sev- 
eral disadvantages that can be overcome by 
electronic techniques. One is the difficulty 
of assessing the absolute value of the data 
in depth and the other is the fact that for 
large abnormalities, the eye apparently 
uses the density gradient at the edge which 
results in an increase in minimum observa- 
ble fractional change. This latter factor 
may be as high as 2 or 3 under unfavorable 
circumstances. However, minification 
(which increases the edge gradient), con- 
trast enhancement and background erase 
may all be used to restore optimum detec- 
tability conditions. Likewise, proper elec- 
tronic scanning of the image will produce a 
"profile" and, hence the data in depth, 
provided the visual record is related with a 
known and easily managed relationship to 
the original organ distribution. 

It should be emphasized here that this 
analysis shows that the eye is capable of 
finding any defect observable in a profile on 
an untouched photoscan where the spatial 
density of spots is directly related to the 
detected counts. In actual practice, back- 
ground erase is only used to detect abnor- 
malities with greater ease. It does this by 
presenting only those signals larger than a 
given level. Because of the "soft" slope of 
the real resolution, this results in an ap- 
parent increase in sharpness and hence de- 
tectability. The same data can always be 
obtained in retrospect from the original 
scan. When the spots are overlapped such 
that film density is proportional to de- 
tected count, the film generally compresses 
the scale which then requires enhancement 
to bring it up to the original scale. Too 
much enhancement amplifies residual noise 
which then makes the analysis less certain. 

Itis perhaps important to note in passing 
that the scanners that use scalers to bring 
the detected pulse rate down to the speed 
of a "dot" recorder, a preset "erase" level 
(which has its own time constant) and 
which print out a narrow line for each scan 
line are really printing a visual representa- 
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tion of the count rate with a form of minifi- 
cation perpendicular to the scan lines. 
Some investigators have resorted to rotat- 
ing the recording device 9o degrees and re- 
scanning to improve apparent detectability 
in the other direction. A total storage de- 
vice with adjustable minification would be 
much simpler. 


SCANNING FRAME AND MOTIONS 


The scanning system to be described here 
utilizes a commercially available frame,’ 
opposing collimator heads (over and un- 
der), and all the associated controls and 
meters to provide selectable areas (one line 
of any length to 2X6 foot scan areas); se- 
lectable scan speeds (3.5 inches/min. to 
46.7 inches/min.) and selectable line spac- 
ings (1/16 inch to 1 3/16 inches). 

Multi-turn potentiometers were added 
that produce D.C. signal levels proportional 
to position. These signals are fed to the 
positioning plates of an oscilloscope. A scale 
changing circuit is inserted between the 
positioning potentiometers and oscilloscope 
so that any size scan can be adjusted to just 
fill the recording area on the oscilloscope. 
The signals from the detecting crystal pre- 
amplifier pass through a pulse height dis- 
criminator to a special pulse shaping and 
spot brightening circuit for the intensity 
modulation of the oscilloscope. An ancillary 
count rate meter is provided for continuous 
monitoring as well as single point checks. 
The spot size on the oscilloscope is adjusted 
to approximate (or may be smaller than) 
the relative projected aperture size. This is 
not too critical an adjustment since, at the 
count rates generally encountered, any size 
spot will produce overlap and density addi- 
tion on the film. Consideration of the data 
for a typical liver scan mentioned above 
shows that we store about 105 bits of infor- 
mation (counts). If such is placed uni- 
formly (patently impossible for randomly 
occurring events) on a 3X2 inch oscillo- 
scope pattern, we see that a spot size of 
about .o05 inches is required for no overlap. 
Actually, a spot size of about .cot inch or 
less would be required in the practical case 
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and this is well beyond the limit of standard 
oscilloscopes. Thus, to produce a picture 
whose spatial density of in would corres- 
pond to the signal (similar to newsprint 
photographs) one would have to go to much 
larger screens and much smaller spots. To 
date, we have preferred relatively large 

spots, spot overlap, and the subsequent use 
of transmission density. 

Aesthetically, some people prefer a spot 
smaller than the projected aperture. We 
then defocus the television scan svstem to 
produce a picture similar to what the aper- 
ture actually "sees." This technique is to be 
preferred for still another reason: namely, 
that to adjust spot size for different ratios 
of aperture size to scan area 1s more difficult 
and time consuming than to always use a 
small spot and defocus the viewing tele- 
vision camera. Spot intensity is adjusted 
via a photocell viewer to produce the proper 
dvnamic density range on the film and a 
special circuit is provided that will make 
spots containing any given preset number 
of counts for film calibration as well as posi- 
tion and distance calibrations. A polaroid 
oscilloscope camera is used that produces 
transparent negatives for television scans 
ane positives for additional records. Figure 

3 is a block diagram of the detecting and re- 
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cording system. The technique outlined 
above produces a film in a relatively short 
time (30 seconds after completion of the 
scan) that contains all the available infor- 
mation in a known form. It is an inexpen- 
sive and easily handled form of long-time 
total information storage. 


DATA EXTRACTION SYSTEM 


The system we use for analyzing the data 
on the film is a television replay system 
oe to that used BY others’ but with | im- 


d view is ni à do. camera. T ie 
output signal is then fed to a non-linear am- 
plifier that has an adjustable low level cut- 
off (background erase) and a variable gain 
(contrast- enhancement). The output of this 
is finally fed to a slave kinescope that pro- 
duces a picture as modified by the ampli- 
fier. At the same time, a line selector circuit 
chooses any given horizontal scan which is 
then presented as a one line profile or 
"slice" of the picture. An adjustable band 
width determines both the resolution of the 
picture and the effective RC time of the pro- 
file presentation. A line blanking circuit 
produces a black line on the kinescope pic- 
ture that defines the position of the “slice.” 
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5. Block diagram of detecting and recording system. 
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Simple rotation of the picture allows pro- 
files to be made in any desired direction. 

A word of caution is necessary against 
the use of too much contrast enhancement. 
Since enhancement is only increased ampli- 
fication, all the noise in the original record, 
film, and vidicon is amplified as well as the 
desired signal. Thus, while such may pro- 
duce a record of more "apparent" certainty 
(very black versus very white), the actual 
statistical uncertainties are increased even 
more and the true signal to noise ratio de- 
creases. Contrast enhancement should only 
be used to the extent that the film com- 
presses the original data. 

Background erase does not do this and 
we have found that such a control coupled 
with a limited enhancement produces the 
best results. 

Regarding band width, the considera- 
tions here are identical to those discussed 
previously for simple profile presentations 
with a count rate meter—the only differ- 
ence being the time scales involved. Ap- 
proximately 37 microseconds are required 
for one horizontal line scan and if one scan 
length corresponds to a 10 inch organ scan 
and we wish $ inch resolution to reproduce 
a $ inch projected collimator, then the cir- 
cuit rise time becomes on the order of o.5 
microseconds. This is the time required for 
the signal to rise to 9o per cent of its final 
value for any sudden change. This corres- 
ponds to a nominal cut-off band width of 1 
megacycle. 

Most television systems have a much 
larger band width than this which in turn 
presents more statistical variations (noise) 
in the profile (and picture) than is neces- 
sary for the resolution. Hence the band 
width must be reduced to present smoother 
profiles and pictures. 

Figure 4 is a graph illustrating the de- 
pendence of nominal band width on organ 
scan parameters, while Figure 5 is a block 
diagram of the over-all system. It is to be 
noted that an attachment has been added 
to the kinescope that will produce a vari- 
able minification of the image over a range 
of about § to 1. The value of this in aiding 
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Fic. 4. Product of resolution (r— 4/47) and scan 
length as a function of nominal band width. 


detection of abnormalities has yet to be 
established. 

It is to be noted that due to both film 
and vidicon characteristics, our profiles are 
not presented on a linear graph. This has 
been done with electro-optical feedback 
around a flying spot scanner,® but the addi- 
tional circuitry and optical elements made 
the system too complicated and expensive 
for the small increase in convenience. For 
our present system, 1t can be shown that 
the intensity of the light transmitted 
through the film is 


I=IN const., 


where y =0.62 and N 3s the number of over- 
lapping events. For the polaroid film used, 
this holds over a dynamic range much 
larger than that encountered in scintiscan- 
ning. Likewise, the signal output of the 
vidicon for light intensity J is 


S= 1097/93 — const. A71 


neglecting film background. Because of the 
inversion of black to white, the profile 
actually plots a voltage V=C— KN-1^, 
The constants are readily evaluated by use 
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Fic. $. Block diagram of enhancement, erase and profile system. 


of the calibration spots on the original film. 
A rather interesting result is that if one of 
the spots has a very large number of events 
(N— x), then the height of the profile for 
this spot determines an upper reference line 
from which measurements downward to 
the profile may be made. The length of this 
line is then a measure of the fractional 
standard deviation which for random 
events is /V-1?, 

The above relationship is plotted in Fig- 







ure 6 where both 7 and N are in arbitrary 
units. Shown, too, is the influence of the 
enhancement and erase circuitry which 
demonstrates that increased contrast (en- 
hancement) also multiplies any changes in 
N due to noise by the slope of the curve. 


COLLIMATION 


The tvpe of collimation is obviously of 
importance in determining the operational 
performance of a scanning system. Since 
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Fic. 6. The solid line is the relationship between vidicon output voltage and the number of overlapping 
events. The dotted line shows the effect on the transfer curve of a given erase level and enhancement. 
AN; and AN» are the normal and enhanced variations in output for a change of AN (7.e., noise fluctuations) 


in the input. All units are arbitrary. 
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few organs may be considered a planar dis- 
tribution, the characteristics of the re- 
sponse in depth are of prime importance. 
Further, if the organ activity, scan time, 
and number of detectors are fixed, onlv a 
given amount of information is available 
and the observer must make a judgment as 
to the relative importance of resolution 
versus detectability of differences since in- 
creasing one decreases the other. It follows 
that at infinite resolution there is no detec- 
tability (7.e., no signal), and, at increased 
detectability (high count rate due to a very 
large aperture), both the resolution and 
number of possible observable defects ap- 
proach zero. Somewhere between the two is 
an optimum that the observer must estab- 
lish, depending on his clinical criteria. Now 
all collimators have sources of signal other 
than those arising from the actual desired 
held of activity. These are leakage, scatter, 
and general background radiation. While 
scatter and some background can be min- 
imized by pulse height selection and leakage 
by increased shielding, the residual noise 
establishes an upper limit to the resolution 


ple, one would not consider using the above 
to scan a thyroid. 

The type of collimator is also important. 
One has, in general, the choice of opposing 
versus single collimators with each collima- 
tor being straight bore, focussing with 
cylindrical holes and focussing with tap- 
ered holes. Opposing bores are advantage- 
ous in increasing the count rate by two 
when one wishes to observe the activity in 
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a cylinder through the volume. They are 
disadvantageous when other organs that 
also concentrate the isotope are in the line 
of detection. For example, when liver scan- 
ning, the spine and pelvis will show quite 
well with opposing collimators but will be 
almost absent when only one is used above 
the abdomen. In this case, however, such 
information could be of clinical value since 
the activity in the spine increases when 
liver uptake decreases due to disease. 
Focussing collimators are simply an ag- 
gregate of straight bore collimators with a 
common point of intersection on a plane. 
While such is highly advantageous for a 
near planar distribution, itis not of particu- 
lar advantage when analyzing a volume in 
depth. This is due to the fact that all the 
activity in the cone above and below the 
focal plane is added to the apparent signal 
(just like noise) and the physical location 
and size of any observed changes are diffi 
cult to ascertain. While they do produce 
higher counting rates, these are mostly due 
to extraneous and nonlocatable volumes 
that should be considered sources of 
"noise." A rather simple example of these 
statements is to consider a z-hole focussing 
collimator looking at a defect in one plane 
of a volume of activity. If the plane con- 
taining the defect is coincident with the 
plane of focus, then we have simplv 75 
straight bores seeing the same defect and, 
hence, should record a signal change 7; 
times what a single bore would see. Now, if 
the two planes are separated far enough, 
then we could have one straight bore seeing 
the def 





ect and 5-1 straight bores recording 
"noise." By "noise" is meant signal from 
volume activitv possessing no information 
and which bv its presence requires a much 
larger real change in the one bore to be ob- 
servable. Thus, in this case, the result is far 
worse than a single bore bv itself. 

Actually, with a focussing collimator, one 
IS sacrificing. possible information about 
contrast for possible information about 
location in depth similar to laminagraphy 
in roentgenologic diagnosis. Obviously, in 
actual practice some compromise is made 
between the two extremes pictured above. 


742 


Because of (1) the very poor resolution for 
off- planar abnormalities, (2) influence of 
the integrated near and far observed vol- 
umes relative to the focal plane, and (3) the 
lack of sharp edges on most physiologic ab- 
normalities, it is our feeling that for scan- 
ning volumes (a) tapered holes are unneces- 
sary, (b) planar response curves are not a 
sufficient indication of the value of a par- 
ticular collimator design, and (c) little if 
anything is gained in having too many holes 
and large crystals. 

For the same size of projected aperture, 
we have found little if any difference in the 
abilitv to detect and specify abnormalities 
in a large volume between focussing and 
single bore collimators. Our scanner has 
opposing 2 inch by 2 inch crystal detectors 
with which either focussing or straight 
bore collimators can be used. For kidneys, 
and sometimes liver scans, use was made of 
only the upper unit. In the examples that 
follow only focussing collimators were em- 
ployed. 


CLINICAL RESULTS 

Figures 7 through 14 inclusive are typical 
clinical results selected to demonstrate the 
usefulness of the technique described here. 
While the value of the profile is obvious, 
many of the clinical diagnoses would not 
have been possible—or at least would have 
been extremely difficult and time consum- 
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ing-—with more conventional scanning 
tems not possessing the capability to 
idly and continuously adjust the ¢ 
and contrast for optimum detection. 
Figures 7, Æ and B, and 8, Z an 
demonstrate E ptofiles obtdined for 
mal liver and kidney scans. It 1s impor 
to note that these profiles do not mez 
"uptake" but rather the activity as 
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Fic. 9. (4-F) Hepatoscan showing successive erase levels which ultimate! 
lesion. Profile is shown for a vertical "slice" through tl 


original picture on tl 


y demonstrate a space occupying 
e organ, This is accomplished by simply rotating the 
ie viewbox. Scan conditions same as in Figure 7. 
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Fic. 10. G4 and B) Hepatoscan with partial erase 
and midline profile showing increased. spleen and 
marrow uptake due to disturbance of liver func- 
tion and/or circulation. Scan conditions same as in 
Figure 7. 


and geometrically defined by the collima- 
tor, “Uptake” would be the integral of suc- 


cessive profiles over the whole organ. In Fig- 
ure 9, A-F the effect of successive erase 
levels in enhancing an abnormality is seen. 
In this case, exploratory laparotomy re- 
vealed metastatic adenocarcinoma at the 
porta hepatis but no evidence of a space 
occupying lesion in the liver. An autopsy 2 
weeks later revealed a large necrotic mass, 8 
cm. in diameter, ir. the right lobe. Figure 10, 
A and B is a hepacoscan ofa patient with a 
history of alcoholism of 30 years’ duration. 
Studv of the profile showed that the patch- 
iness of the liver was much greater than the 
expected statistical variations and was prob- 
ably due to fibrotic changes. The same pro- 
file shows the abnormal uptake of colloidal 
old in the bone marrow and the greatly 


k 
enlarged spleen. 
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Figure 11, Æ and D is a renal scan of a 
patient admitted because of a grand mal 
seizure and hyper tension of 4 vears' dura- 
tion. While it is obvious that one kidnev 1s 
not concentrating any chlormerodrin, the 
other kidney appears somewhat normal 
when the liver and high background are re- 
moved. 

Figure 12, Zand B is a renal scan of a pa- 
tient who had known congestive heart 
failure, fibrillation and cardiomegaly of 6 
vears’ duration and who was admitted for 
sudden and persistent pain c above the right 

sacroiliac Joint. With proper erase condi- 
tions, a large detect in the upper pole of the 
right kidney was obvious. This was con- 
sistent with the clinical impression of em- 
bolism to a segment of the right kidney. 

Figure 13 is a cardiac scan of a patient 
admitted because of a complaint of pro- 
gressive dvsphasia and an enlarged non- 
tender swelling in the lower part of the 
neck. While an aneurysm was suspected, 





Fic. 11. (4 and B) Renal scan showing an increased 
uptake of Hg” tagged chlormerodrin in the liver, 
a normal right kidney, and a very low uptake in 
the area of left kidney. Scan conditions same as in 


Figure 8. 





Fic. 12. CZ and B) Kidney scans without 
and with background The 
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erase. | 
right kidney measured about 8 cm. in 
length while the left measured 10 cm., 
the difference being due to an appar- 
ent infarct in. the upper pole of the 
right kidney. Scan conditions same as 


ye 


in Figure 8. 








two attempts at cineangiocardiography anc 
one at retrograde aortography were unsuc- 
cessful. The properly erased scan sup- 
pressed the adjoining pulmonary vascular 
pools and made clear the distortion of the 
aorta and large vessel pools as shown. 'This 
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diagnosis of a possible 
aneurysm of the right innominate and sub- 
clavian artery which was found and re- 
sected at surgerv. 

Figure 14, Æ and B is a routine brain 
scan performed on a patient who was ad- 





permitted the 

















Pic. 13. (4 and B) Cardiac scan using RISA and one focussing collimator on a patient with a 


suspected aneurysm of the great vessels and substernal thyroid 








Vertex. = = 
á ^ 





\ 










| External Aud. M. 















n Ig. G4 and B) Brain scan with erase and en- 
hancement performed with a 91 hole focussing 
collimator 4 to § hours after the intravenous 
administration of 1 mc of Hg! tagged chlormero- 
drin. 


mitted because of a vague pressure head- 
ache of 6 months’ duration. An abnormal 


E. C. Gregg, W. H. Voelker, J. P. Storaasli and H. L. Friedell 






MARCH, 1965 


concentration of chlormerodrin in the right 
temporoparietal region was seen on an erase 
scan and a subsequent craniotomy revealed 
ghoblastoma in the same region. 


SUMMARY 


A system for radioisotope scanning by 
which all information received by the de- 
tector can be stored and later extracted is 
described. Ancillarv devices are used for 
enhancement of the visual detection of 
abnormalities. 


E. C. Gregg, Ph.D. 
Department of Radiology 
Western Reserve University 
Cleveland 6, Ohio 


The authors are indebted to Dr. Abbas Rejali 
for his assistance and advice in obtaining the 
clinical examples presented here, 
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THE r AND c UNIIS 





S CE the discovery of x ravs in. 1895 
and of radium in 1898, various methods 
have been tried for specifying the dose used 
in medical application. Such methods were 
based on the photographic, fluorescent, 
chemical and certain biologic etfects of the 
roentgen rays and radium. After two 
decades of investigative efforts, it became 
evident that an ionization method, alreadv 
proposed by Villard in 1908, carried. the 
greatest promise. 

The history of the v unit. The roentgen (r) 
unit, based on ionization of air, has a 
rather intricate, but fascinating, historv. 

In the early 1920s, several electrostatic 
methods based on ionization of air were de- 


vised, expressing the intensity of a beam of 


roentgen rays in some unit of measure- 
ment. In the United States, Duane! pro- 
posed the E unit which was defined as the 
unit of intensity of a beam of x rays that 
would produce an ionization current of 1 
esu in each cc. of air if the rays did not 
strike any of the electrodes in the ionization 
chamber, and if all of the secondary radi- 
ation from the molecules of the air were 
absorbed in the air. 

In Germanv, as a result of numerous in- 
vestigations, among several units proposed, 
the icu unit,” dein arri D e sym- 


and in Aes: ree was mee ihe 
German Roentaeri Society as the official 
unit. [t was defined as a unit of roentgen- 
rav dosage, being that quantity which when 
applied to 1 cc. of air at 18? C, and 760 mm. 
Hg of pressure engenders sufficient electric 
conductivity to equal 1 esu, as measured 
bv the saturation current. 

1 Deaxge, W. The scientific basis of short wave-length therapy. 
Third Caldwell Lecture. Am. J. ROENTGENOL., 1922, 0, 781-791. 

? BgaxkEN, H. Die Róntgendosimetrie, In: Handbuch der 


gesamten Strahlenheilkunde, Biologie, Pathologie und Therapie. 
Bergmann Verlag, München, 1929. 


In 1925, Solomon?! presented to the 
First International Congress of Radiology 
in London, an electrostatic unit based on a 
different tvpe of measurement which also 
was designated by the symbol of capital R. 
This unit was defined as the intensity of a 
roentgen-ray beam producing the same ion- 
ization as 1 gram of radium element, pl aced 
at a distance of 2 cm. from the ionization 
chamber, axis to axis, and filtered by 0.5 
mm. Pt. 

There was also the R unit, used in 
Cleveland by Glasser, which was measured 
by an air wall thimble ionization chamber. 

The vears following the First Interna- 
tional Congress of Radiologv were char- 
acterized bv laborious work aiming to reach 
international agreement on the standard- 
ization of these various electrostatic units. 
Glasser visited several institutions in Eu- 
rope and in 1927 Behnken brought to 
America several dosimeters especially con- 
structed for comparative measurement of 
the units. With these instruments the 
German R unit was compared with the E 
unit used bv Duane in Cambridge, Massa- 
chusetts, and the R unit used by Glasser at 
the Cleveland Clinic. The measurements 
did not give anv difference of practical im- 
portance between the units.’ Glasser, by 
using the condenser dosimeter constructed 
by him and Seitz in 1928, also found that, 
when the distance in the Solomon measure- 
ments was reduced from 2 cm. to 1.54 Cm., 
the Solomon R assume 7 a value identical 

s SoroMos, T. Sur le choix d'une unité quantitométrique inter- 
nationale, 7. eano et d'électrol., 1926, 70, 155158. 

t SoroMoN, I, Les unités quantitométriques en roentgenthé- 
rapie. Y, de radiol, et d'électral., 1924, 8, 381-356. 

* Beunken, H. Zur Frage dar Röntgen Dosiseinheit. SrraAZen- 
therapte, 1638 29, 192-198. 

8 Beunken, H, and Jarcer, R, The standardization of x-ray 
dosage. Radiolog y, 1928, 70, 273-279. 

7 GLASSE R, O., Qc mey, E, Hi, Tavion, L. 5., WEATHERWAX, 


J. L., and MORAN: R. H. Physical Foundations of Radiology. 
Third edition, Paul B. Hoeber, Inc., New York, 1961. 
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to that of the Cleveland R. This condenser 
type of dosimeter’ has become known as 
the Victoreen condenser r-meter and is one 
of the most generally used instruments in 
medical application of radiation today. 

As a result of these co-ordinating efforts, 
the International X-ray Unit Committee 
made at the Second International Congress 
of Radiology in Stockholm (1928) the fol- 
lowing proposals'? which were provisionally 
accepted: (1) That an international unit of 
x-radiation be adopted; (2) that this inter- 
national unit be the quantity of x-radi- 
ation which, when the secondary electrons 
are fully utilized and the wall effect of the 
chamber is avoided, produces in 1 cc. of 
atmospheric air at o^ C. and 76 cm. mer- 
cury pressure, such a degree of conductivity 
that 1 esu of charge is measured at satura- 
tion current; (3) that the international unit 
of x-radiation be called “The Róntgen" 
and that it be designated by the letter 
small “r.” 

Following acceptance of the r as the 
international unit, the extremely difficult 
task of devising and constructing suitable 
instruments to measure it in a standardized 
form began. The many contributions by 
Tavlor and his associates at the National 
Bureau of Standards, Washington, D. C., 
were of immeasurable help in this respect.? 
In 1930 Taylor developed an American 
standard air ionization chamber for the pre- 
cise measurement of the r3 22? and in the 
summer of 1931 he transported a smaller 
guarded field ionization chamber developed 
in his laboratory to Europe. With this 
sufficiently. compact instrument, prelimi- 
nary standardization was made in Wash- 
ington, then measurements were carried out 
in Teddington, England (National Physical 





€ Giasser, O., and Serra, V. B. La valeur des unités R pour la 
standardization de la dose dans la pratique radiologique. Y. de 
radiol, et d'électrol, 1928, 72, 421-428. 

* Grasser, O., and Serrz, V. B. Method and apparatus for the 
measurement of radiation intensity, U. S. Patent 1,855,669. 
April 26, 1932. 

t0 Report from the International X-Ray Unit Committee, Am, 
J. Roenrcenor, & Rap. THERAPY, 1928, 20, 470-471. 

n Taylor, L, S. The precise measurement of x-ray dosage. 

Radioogs, 1930, 74, 372-384. 

* TAYLOR, L. (1 . and Sincer, G. An improved form of standard 
Daah chamber. Radiology, 1930, 75, 637-646. - 

 Taytor, L. S. Recent progress in x-ray standardization. 

Radiology, 1931, 76, 1-13. 
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Laboratory), Berlin, Germany (Physikal- 
isch-Technische Rehana: and Pacis, 
France (L'Hópital St. Antoine), and at the 
end the results were compared with the 
original standard in W ashington. These 
results were presented in a report at the 
Third International Congress of Radiology 
in Paris (1g31) and published in final form 
in 1932. 14 

The Fifth International Congr ess of 
Radiology in Chicago (1937), in view of the 
fact that the r unit was also extended to 
radium, adopted a somewhat more general- 
ized definition of the roentgen.” It was as 
follows: (1) The international unit of 
quantity or dose of x rays or gamma rays 
shall be called “roentgen” and shall be 
designated bv the symbol “r.” (2) The 
roentgen shall be the quantitv of x- or 
gamma radiation such i the associated 
corpuscular emission per o. 001293 gram of 
air produces, in air, ions carrying 1 esu of 
quantity of electricitv of either sign. In an 
Appendix it was specified that 0.001293 
gram is the mass of 1 cc. of dry atmospheric 
air at o^ C. and 760 mm. of mercury pres- 
sure. (3) Measurements of radiation quan- 
titv shall be expressed in roentgens, and 
measurements of dosage rate shall be ex- 
pressed in roentgens per minute. 

At the Sixth. International Congress of 
Radiology in London (19:0), in an en- 
deavor to correlate the dose of any ionizing 
radiation with 1ts biologic or related effect, 
the International Commission on Radio- 
logical Units (ICRU) recommended that 
the dose be expressed in terms of the 
quantity of energy absorbed per unit mass 
(ergs per gram) of irradiated material at the 
place of interest. As regards the roentgen it 
stated that the Commission considers that 


the roentgen (designated by the symbol r), 
in view of its long established usefulness, 


should continue to be recognized as the 
unit of x- and gamma-ray quantity or dose 
and that its definition remain unchanged. 


H Tavton, L. S. International comparison of x-ray standards. 
Radiology, 1932, 73, 99-114. 

5 Recommendations of the International Committee for 
Radiological Units (Chicago, 1937). Radiolog y, 1937, 29, 6 34-63 36. 

5 Recommendations of the International Commission on 
Radiological Units (London, 1950). Radiology, 1951, 56, 117-119. 
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The Seventh International Congress of 
Radiology in Copenhagen (1953), adopted 
the rad as a unit of “absorbed dose” of any 
ionizing radiation, equal to 100 ergs per 
gram of any absorber. The unit of the 
quantity of radiation delivered to a certain 
place, called the “exposure dose," remained 
the roentgen (r). It was specified that this 
unit may be used for most practical pur- 
poses for quantum energies up to 3 mev. 

The history of the c unit. The Suns (c) 
unit has a history which dates back to the 
very early days of the use of emanation in 
clinical therapy. Pierre Curie? in 1904 
expressed the quantity of emanation in 
milligram hours and defined it as the quan- 
tity of emanation produced 1n 1 hour by 1 
milligram of radium element. In 1909 
Turner!’ was apparently the first to use the 
term milligram hour (mg. hr.) for specifica- 
tion of the dosage in radium therapy, and 
in 1910 the curie was adopted as the unit 
of measurement for the emanation. One mc, 
or I/1oooth curie, was defined as the 
quantitv of emanation in equilibrium with 
1 mg. of radium elements. Following some 
changes in the basic approach of dosage, 
within a short time 3 
common usage: the mg. hr. for the radium; 
the me hr. for the emanation present; and 
the m A for oe em Pup destroved (1 mcó 

ee These units are 
still valid DT. , a the mcé is now 
less frequently employed. 

After the adoption of the international r 
unit for roentgen rays and, in particular, 
with the advent of Adora isotopes, 
efforts were made to extend the same unit 
also to the measurement of the gamma rays 
of radium, radon and other members of the 
naturally radioactive families, as well as 
to the many radioactive isotopes used. 
Glasser and Portmann,” who contributed 

Recommendations of the International Commission on 
Radiological Units; Revised at the Seventh International Con- 


gress of Radiology, Copenhagen, July, 1953. Editorial, Radiology, 
1954, 62, 106-109. 

5 Recaup, Cr., and Ferroux, R. Doses et durée d'application 
en radiumthérapie; procédés de notation et de calcul; table pour 
l'emploi de l'émanation du radium. J. de radio et d'électrol., 
1918-1919, 5, 481-507. 

1 DTegwEgR, D. The effect and use of radium. 
Dec. 25, p. 1875. 

20 Grasser, O., and Porrmann, U, V. The reliability of the r- 


Lancet, 1909, 
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so greatly to the unification of the differ- 
ent roentgen units, in 1928 made the 
statement "that the r unit may be used 
with a great degree of accuracy for the 
dosage unit of both roentgen and radium 
therapy.” 

At the Fifth International Congress of 
Radiology in Chicago (1937),” pursuant to 
the recommendations in reference to gam- 
ma-ray dosage made at the Fourth aa 
gress in Zurich (1934), it was adopted 
already stated—that the roentgen also he 
the international unit for the measurement 
of the quantity or dose of the gamma rays 
and shall be designated by the symbol r 
Finally, at the Sixth International Con- 
gress of Radiology in London (1950)," the 
ICRU recommended that the curie be 
used for the measurement of anv radio- 
active material, being a unit of radioac- 
tivitv defined as the quantity of any 
radioactive nuclide in which the number of 
disintegrations per second is 3.7X10!5. 
Furthermore, it was suggested that the 
gamma-ray emission be expressed in terms 
of r/mc hr. at 1 cm. from a point source. 
This definition of curie was officially 
adopted at the Seventh International Con- 
gress of Radiology in Copenhagen (1953). 

Usage. In the 1956 Report of ICRU” in 
regard to the usage of symbols and nomen- 
clature, it was recommended that each 
country modify them in accordance with 
its own practices. Thus one may write: 
kev., keV., or Kev.; "C or CH; rad per unit 
Gime: rad per time, or rad divided by 
time; rad/sec., rad/s, or rad.s-!, etc. Con- 
cerning the r and c units, the statement was 
made that the unit of exposure dose of x- 
or gamma radiation is the roentgen (r); and 
the unit of quantity of radioactive mate- 
rial evaluated according to its radioactivity, 
is the curie (c). 

Then, following the report of an ad hoc 
Committee set up in 1959 for the purpose 
of re-examining the whole problem of 
radiation quantities and units and as a re- 


unit for the measurement of roentgen and padi Fadiatidis 
Radiolog y, 1929, /2, 5317-327. 
?| Report of the Tomina Commission of Radiological 


Units and Measurements (ICRU) 1956. National Bureau of 
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sult of much consultation with various 
standardization task groups, the ICRU in 
1962 made certain new recommendations.” 
Since the “absorbed dose" is the physical 
quantity which can be most closely cor- 
related with biologic effects, the designa- 
tion of this quantity was maintained, but, 
for designation of the quantity of x- and 
gamma radiation of which the roentgen is 
the unit, it was recommended that the 
word "dose" be eliminated from “exposure 
dose" and the term "exposure" be used 
alone. Also, the curie has been redefined as 
3.7 X10!? s~}, £e, as a unit of activity and 
not of quantity of a nuclide. Most impor- 
tant from the point of view of established 
usage, however, is the fact that it also 
recommended that since "several recog- 
nized international groups working in the 
field of symbols and nomenclature includ- 
ing the International Council of Scientific 
Unions have agreed upon the convention 
that the first letter of abbreviations of 
units named after individuals should be 
capitalized,” this also be applied to the r 
and c units. Thus, the use of the symbol R 
instead of r was proposed for the roentgen 
unit and in 1963? the symbol Ci instead of 
c was adopted for the curie unit. Based on 
these new symbols such commonly used 
abbreviations as mr, rep, rem, and rhm 
would be replaced by mR, Rep, Rem, Rhm 
and mc hr., r/me hr., uc/gm. by mCi hr., 
R/mCi hr., uCi/g., etc. 

Style of the " JougNAL." The term "style" 
usually refers to forms of expression and 
details of tvpography, as for instance, 
spelling and capitalization of words, use 
and capitalization of symbols, use of punc- 
tuations, division of words, etc. Often, be- 
cause of long continued usage, certain 
words and symbols become ingrained in a 
sense not alwavs intended and are difficult 
to change. 

The style of the AMERICAN JOURNAL OF 
RogNTGENOLOGY, Raprum THERAPY & 


* National Bureau of Standards Handbook 84, (Issued Novem- 
ber 14, 1962.) 

5 National Bureau of Standards Handbook 86, (November 
1963). 
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NucLEAR Mepricine was based from the 
beginning on two fundamental principles. 

In articles dealing with subjects of the 
allied fields, such as pure physics, engineer- 
ing, physical chemistry, radiobiologv, op- 
tics, photography and especially pharma- 
cology, the nomenclature and symbols 
were used as developed in each particular 
field. 

In the domain of medical radiologv, as 
a result of a practice initiated in 1912, and 
consistently followed since then, a stvle 
has been built which has become a char- 
acteristic feature of the JoumgNAr. In 
referring to certain facets of this stvle, 
Etter, in 1963, in an Editorial titled “The 
Language of Radiology” aptly re-empha- 
sized the significance of this style to the 
radiologist.” 

As regards the usage of the r and c sym- 
bols, the JovgNar always observed the 
recommendations made by the ICRU and 
various other organizations, as outlined 
above. It would be difficult today to find 
symbols of 2 other physical units which 
have acquired such universal acceptance 
not only in the radiologic literature but 
the medical literature in general as the r 
and c symbols. Even in the medical use of 
g., which is one of the three fundamental 
pillars of the cgs system, a compromise had 
to be made, gm. being used for gram and 
gr. for grain, and there are other examples. 

In Handbook 84,” issued November 14, 
1962, it is stated that the ICRU recom- 
mends the change "with considerable re- 
luctance and some misgivings," and that 
"as far as medical radiology 1s concerned, 
this change will result more in annovance 
than confusion.” In the case of the 
JOURNAL, to remain consistent with the 
application of the new rule of capitaliza- 
tion to all other symbols appearing on its 
pages, it would mean the necessity of a 
very definite change in its long-established 
style. 





T. Leveuria, M.D. 


4 Errer, L. E. The language of radiology. Editorial, Am. J. 
RogwrGENOL., Rap, THerary & Nuctear MED., 1964, 90, 656- 
658. 
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OTTO GLASSER, Pu.D. 


1895- 


R. OTTO GLASSER, emeritus con- 

sultant to the Department of Bio- 
physics at the Cleveland Clinic, died in 
Cleveland Clinic Hospital on December 11, 
1964 after a long illness. He was one of this 
country’s outstanding authorities and early 
pioneers in radiology, radium therapy and 
nuclear medicine. 


964 


Dr. Glasser was born in Saarbruecken, 
Germany, in 1895 and served in the First 


World War, was severely wounded after 6 


L4 


months of duty and was awarded the Iron 


E 


Cross. He was educated at the Universities 
of Freiburg and Heidelberg. He came to 
this country in 1922 and joined the Cleve- 
and Clinic the next vear. He taught at the 
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New York Postgraduate Medical School 
and Hospital (Columbia) in 1926~1927 and 
then returned to the Clinic as head of its 
Department of Biophysics. He became an 
emeritus consultant in 1960. 

Dr. Glasser received many honors for his 
work, both in this countrv and abroad. He 
wrote the definitive biography of Réntgen 
and was the only American given a diploma 
and medal commemorating the soth an- 
niversary of the first Nobel Prize in Physics 
awarded to Wilhelm Conrad Róntgen. He 
built one of the first x-ray dosimeters and 
his original model is now in the Smithsonian 
Institute. 

Dr. Glasser was the author of more than 
150 scientific papers. He also compiled and 
edited the monumental 3 Volumes on 
Medical Physics. 

Dr. Glasser was an Honorary Member of 
the American Roentgen Ray Society and of 
the Ohio State Radiological Society and 
was awarded the Janeway Medal of the 
American Radium Society in 1950. He won 
a special Certificate of Honor for his roent- 
gen exhibit at the American Medical 
Association Meeting in 1930, the Gold 
Medal Achievement Award of the Radio- 
logical Society of North America, the 
Olympia Decoration, the John Stanley 
Coulter Plaque, the American Congress of 
Physical Medicine Medal and was made 
Commander of the Cross Order of Merit by 
the German Government in 1960. 

He was a Diplomate of the American 
Board of Radiologv and a member of the 
AAAS, the American College of Radiology, 
the American Physics Society and held 
honorary membership in many societies 
here and abroad. 

Dr. Glasser was a member and Subcom- 
mittee Chairman of the Committee on 
Standards of X-ray Measurement of the 
Radiological Society of North America; 
consultant in biophysics to Western Re- 
serve University; special examiner of the 
American Board of Radiology since 1936; 
consultant on radiology to the U. S. Veter- 
ans Administration; member of the scien- 
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tific committee of the Ohio Post-war Pro- 
gram Commission; member of the Council 
on Physical Medicine and Rehabilitation 
and also of the Council on Medical Physics 
of the American Medical Association; 
member of the Control and Regulation 
Committee of the Governor’s Advisory 
Council on Atomic Energy, and of the 
Ohio State Radioactive Advisory Council. 

In 1961 the Ohio State Radiological 
Society inaugurated the Otto Glasser 
Award tn his honor. 

Dr. Glasser was one of the earliest to 
measure radioactive fallout. He did this by 
melting snow and reducing it to its powdery 
sediment and testing it. From this he 
not only could measure the fallout but 
could tell what the atomic bomb was made 
of before this ever was made public. 

He pioneered in the x-ray diffraction of 
kidney stones and was one of the first to 
show the radioautograph of tissue sec- 
tions. With. Dr. Irvine H. Page of the 
Cleveland Clinic, he did notable work on 
hemorrhagic shock and arterial transfu- 
sions. He was one of the first to work in 
aviation. medicine. With the late Dr. 
George Crile, Sr., early in World War II, 
he simulated the “bends,” using animals 
to test physiologic results and treatment. 
They also demonstrated the potential 
gradients of electric current in various hu- 
man organs. 

During World War II he calibrated many 
million volt machines for the government 
in arsenals and munition plants, as he had 
earlier calibrated many medical x-ray units 
all over the nation. He was one of the early 
users of radioactive isotopes and helped 
standardize them and fix their terminology 
for the AEC. 

Dr. Glasser is survived bv his wife, 
Emmy, and a daughter, Hannelore, an 
Assistant in the Art Department of Wells 
College, Aurora, New York. 


Don DuNuHAM 


The Cleveland Clinic 
Cleveland, Ohio 44106 
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E. A. ADDINGTON, 





* LA. * 


1906-1964 


R. ERCEL A. ADDINGTON, Seattle, 

Washington, Radiologist and Vice 
President of the Board of Regents of the 
University of Washington, died on October 
1, 1964 while vacationing in Lisbon, Por- 
tugal. He was $8 years old. His death was 
due to coronary occlusion complicated by 
pneumonia. 





Dr. Addington was born in Algoma, 
Wisconsin. He attended high school in St. 
Croix, Wisconsin. He graduated from Carle- 
ton College in 1928 with a B.A. degree. He 
attended the medical school at the Uni- 
versity of Minnesota and graduated in 1932 
with an M.D. degree (he also received a 
B.S. degree in 1931 for his work done at the 





owes 
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medical school). He interned at the Santa 
Clara Hospital, San Jose, California, in 
1931 and 1932. He then went into general 
practice in Dressler and later in Ellsworth, 
Wisconsin. He entered the Mayo Founda- 
tion of the Graduate School of the Uni- 
versity of Minnesota, January 1937, as a 
Fellow in Radiology at the Mayo Clinic. 
He completed his Fellowship in October 
1939 and received the degree of Master of 
Science in Radiology from the Graduate 
School of the University of Minnesota in 
December, 1940. 

Dr. Addington married Mary Alice 
Kirstad in 1930 while in Medical School 
and leaves, besides his widow, a son, a 
daughter and one granddaughter. 

, hese dry acts jail cae to describe 
': affable, 
fos a d ee as oe as a good 
talker; he was a stranger to no one within 
a few minutes. He could enter a room with 
a group of people and in a short time was 
the center of some interesting and fre- 
quently profitable discussion. He knew the 
people he met and could remember their 
names. He was diplomatic in his associa- 
tions with others without being subservient. 
In spite of all the attributes of a good 
politician, he never went into medical 
politics. As a radiologist he was appreciated 
and respected by his associates and by the 
referring physicians. His ability to get 
along with the administration of Providence 
Hospital of Seattle, of which he was a 
Radiologist, contributed much to the 
smooth running of the department at the 
hospital in spite of a heavy radiological 
load and over-crowded quarters. 

Ercel Addington’s ability to make friends 
and to be truly interested in his fellowmen 
may relate to the early small town up- 
bringing. As a student and athelete he was 
outstanding, Asan undergraduate at Carle- 
ton, Erc was an outstanding player in 
three sports: football, basketball and base- 
ball. In 1925 he received a gold football as 
a member of Carleton’s midwest conference 
championship eleven. In baseball, he dis- 
tinguished himself as a pitcher and 
basketball as a forward, 
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He earned his way through medical 
school playing semiprofessional baseball 
and, when offered a contract by one of the 
major league baseball teams, had to decide 
whether to go into professional baseball or 
continue medicine. Luckily, he chose the 
latter. During his Fellowship at the Mayo 
Clinic, he was an outstanding student and, 
according to the other Fellows in Radiology 
there at the same time, he was also con- 
sidered to be the leader of the group. 

On completing his Fellowship, he came 
to Spokane, Washington, to become asso- 
ciated with a group of Radiologists having 
offices in Spokane and Seattle. At the 
start of World War H, when one partner 

as alreadv in the service, Erc voluntarily 
accepted a commission as a Captain in the 
Medical Corps of the Army, in spite of his 
training and experience. He was very much 
disturbed at the prospect of being declared 
essential and being kept out of the war. He 
left the service as a Major at the end of 
World War II. On returning to civilian life, 
he wished to practice in Seattle and ac- 
cordingly took over as a Senior Radiolo- 
gist of the Seattle Group. He was an im- 
mediate success and was primarily instru- 
mental in developing the diagnostic side 
of Radiology for the group in Seattle. He 
remained a general Radiologist with about 
one-third of his time being contributed 
very competently to Therapeutic Radiol- 
ogy. 

Dr. Addington was closely associated 
with the Medical School of the University 
of Washington and for years was Clinical 
Assistant Professor of Radiology. 

His crowning achievement was that of 
being appointed to an unexpired term of 
Regent of the University of Washington in 
1961. In 1963 he was appointed to a full 
term as Regent and was elected Vice 
President of the Board. He fully recognized 
and accepted the obligations going with the 
honor of the appointment, knowing that 

the position added greatly to his work load 
and knowing also that he had been receiv- 
ing warnings relative to his heart condition 
as far back as 1953. He was untiring in his 
efforts with the Board of Regents and con- 
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tributed a great deal during the short pe- Pacific Northwest and particularly with his 
riod of time that he was a member of the former associates and other friends. 
Board. Miro T. Harris, M.D. 


Dr 7 Addington's death leaves a great 5:2 Paulsen Medical and Dental Building 
void in the practice of Radiology in the Spokane r, Washington 
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CONSIDERATIONS IN THE HANDLING OF 
RADIUM SOURCES 





N RADIUM AND RADIUM SUBSTITUTES 


September 3-4, 1964, Chicago, Illinois) 
I Yp 1994, eu 


By WENDELL G. SCOTT, ! 


JOHN C. VILLFORTH, | 


SINCE 1961 eight states have assumed 
licensing and regulatory powers from 
the Atomic Energy Commission over "by- 
product, source and special nuclear mate- 
rial” under an act passed by Congress in 
1959. This law accelerated development i in 
the states of radiation control programs to 
encompass all forms of ionizing radiation. 
This would include radium which has 
played a major role in medical practice. 

A recommendation of the National Ad- 
visory Committee on Radiation (NACOR) 
was to investigate the practicality and 
means by which less hazardous, but equally 
effective, radioactive materials can be 
utilized in medicine. Acting upon this rec- 
ommendation, the Division of Radiological 
Health of the United States Public Health 
Service sponsored a conference for the 
mutual exchange of information on radium 
and radium substitutes with members of 
the medical profession. Those invited to 
participate were representatives from the 
appropriate medical societies, and promi- 
nent therapeutic centers, as well as inter- 
ested parties in the Atomic Energy Com- 
mission. 

The Division of Radiological Health pre- 
sented a summary of its radium studies, 
which included information obtained from 
a review of past radium incidents and ac- 
cidents and experience of State Health 
Agencies with radium health problems. 
The participants were then encouraged to 
comment on the material presented based 
on their own personal experiences, and 
propose possible solutions. 

The conclusions formulated by this con- 
ference were accepted unanimously by the 
participants. They will serve as valuable 
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guidelines in radium management for the 
medical profession, state and local health 
departments and to the Public Health 
Service. 

en conclusions are as follows: 

All naturally occurring radionuclides, 
ung radium, radon, mesothorium, 
etc., as well as accelerator- produced radio. 
nuclides, should be subject to the same 
radiation protection regulations as are 
reactor-produced radionuclides. 

Because of the special contamination 
hazards associated with radium, due to its 
physical and chemical properties, minimum 
standards of source design, construction 
and testing should be established for this 
radionuclide by a body of appropriate ex- 
perts. 

3. A suitable substitute for radium, with 
less contamination hazard, is desirable. 
Because of the large bodv of clinical ex- 
perience accumulated with radium, sub- 
stitute sources should be made available 
which conform to the dimensions and dose 
distribution patterns of existing radium 
sources. Cesium 137 sources seem capable 
of satistving these requirements. For tem- 
porary interstitial treatments, where flex- 
ibility and shielding are an important con- 
sideration, iridium 192 is the isotope of 
choice at the present time. For permanent 
implantation, gold 198 is a suitable sub- 
stitute for radon. The use of radium 
plaques should be discontinued; strontium 
go plaques are a suitable substitute. 

4. lt is further recommended that re- 
search be directed to the development of 
better radiation sources for brachytherapy. 
The possibility of fabricating better and 
safer sources employing presently used 
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radionuclides, including radium, should 
be considered. 

s. The development of new techniques, 
such as after-loading techniques, to reduce 
unnecessary personnel exposure in the 
therapeutic applications of radionuclides 
should be supported and encouraged. 

The following is a list of the partici- 
pants of the Conference and the organiza- 
tions thev represented: 

Axel Arneson, M.D., Professor of Clin- 
ical Obstetrics and Gv no Washing- 
ton University School of Medicine, St. 
Louis, Missouri~-American Gynecological 
Society. 

Arnold Berman, M.S., U. S. Atomic 
Energy Commission, Division of Isotopes 
Development, Germantown, Maryland 
U. S. Atomic Energy Commission. 

Harry L. Berman, M.D., Chief, Radio- 
therapy Section, Sinal Hospital of Balti- 
more, Baltimore, Marvland--American 
Roentgen Rav Society. 

Fohn Boland, M.D., Radiotherapist-in- 
Chief, Mt. Sinai Hospital, New York, New 
York-—Mount Sinai Hospital. 

Gilbert H. Fletcher, M.D.,* M. D. Ander- 


son Hospital & Tumor Institute, Texas 
Medical Center, Houston, Texas--Ameri- 


can Radium Society and American Club ot 
Therapeutic Radiologists. 

Ulrich K. Henschke, M.D.,* Associate 
Professor of C linical Radiology, Memorial 
Hospital for Cancer and Allied Diseases, 
New York, New York---Memorial Center 
for Cancer and Allied Diseases. 

George C. Lewis, Fr., M.D., Department 
of Obstetrics and Gynecology, Hahnemann 
School of Medicine, Philadelphia, Pennsyl- 





vania~~American College of Obstetrics and 
i 


S Allan Lough, PAD., U. 5. Atomic 
ea Commission, Division of Biology 
and Medicine, Germantown, Marvland— 
U.S. Atomic Energy Commission. 

rsin M. Lourie, M.D., Chief, Radiation 


* Also served as member of committee drafting conference con- 
clusions, 


Wendell G. Scott and John C. Villforth 
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and Isotopes Unit, Washington, D. C.— 
Pan American Health Organization. 

Russell H. Morgan, M.D., Radiologist- 
in-Chief, Johns CH Hospital, Balti- 
more, Maryland —National Advisory Com- 
mittee on Rad aon. 

Robert G. Parker, M.D., Chief, Division 
of Radiation Therapy, U niversity of Wash- 
ington, Seattle, Washington — Association 
of University Radiologists. 

Antolin Raventos, M.D.,* Hospital of the 
University of Pennsvlv wan Department 
of Radiology, Philadelphia, Pennsylvania 


—Hospital of the University of Pennsyl- 
vania. 


Milford D. Schulz, M.D.,* Department 
of Radiology, Harvard Medical School, 
Massachusetts General Hospital, Boston, 
Massachusetts-~American College of Radi- 
ology. 

Wendell G. Scott, M.D., Professor. of 
Clinical. Radiology, Washington Univer- 
sity School of Medicine, St. Louis, Mis- 
souri—American Cancer Society. 

Michel Ter-Pogosstan, Ph. D., Professor 
of Radiation Physics, W ancien Uni- 


versity School of Medicine, St. Louis, 
Missouri —Mallinckrodt Institute of Radi- 
ology. 


Other persons attending the symposium 
from the Public Health Service were: 

Donald R. Chadwick, M.D., Chiet, Di- 
vision of Radiological Heal: DHEW, 
Public Health Service, Division of Radio- 
logical Health, 3rd & Jefferson Drive, S.W., 
Washington 25, D. C. 

Roscoe H. Goeke, M.S., Deputy Chief, 
State Assistance Branch, Div con of Par 
ological Health; DHEW, Public Health 
Service, Division of Radiological Health, 
3rd & Jefferson Drive, S.W., Washington 


ary phot. 


Paul Hahn, Ph.D., Chief, Research 
Grants Staff, Division of Radiological 


Health; Woodmont Building, 8120 Wood- 
mont Avenue, Bethesda, Maryland. 


* Also served as member of committee drafting conference con- 
clusions, 
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Philip R. Hugill, M.S., Medical Proj- 
ect Officer, State Radioactive Materials 
Program, State Assistance Branch, Division 
of Radiological Health; Radiological Health 
Laboratory, 1901 Chapman Avenue, Rock- 
ville, Maryland. 

Martha L., Phillips, M.S., Training 
Grant Officer, Cancer Control Branch, 
Division of Chronic Diseases; DHEW, 
Public Health Service, Division of Chronic 
Diseases, Cancer Control Branch, Wash- 
ington 25, D. C. 

Russell I. Pierce, M.D., Chief, State 
Assistance Branch, Division of Radio- 
logical Health; DHEW, Public Health 
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service, Division of Radiological Health, 
3rd & Jetterson Drive, S.W., Washington 
25 DX. 

John Fillfforth, M.S., Chief, Assistance 
to State Radioactive Materials Program, 
SAB, Division of Radiological Health; 
Radiological Health Laboratory, 1901 
Chapman Avenue, Rockville, Maryland. 

The proceedings of this Conference mav 
be obtained from Dr. Donald R. Chadwick, 
Chiet, Division. of Radiological Health; 
DHEW, Public Health Service, Division of 
Radiological Health, 3rd & Jefferson Drive, 
5. W., Washington 25, D. C. 
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NEWS ITEMS 


SYMPOSIUM ON RECENT ADVANCES 
IN NUCLEAR MEDICINE 

The Hahnemann Medical College is 
sponsoring a Symposium on Recent Ad- 
vances in Nuclear Medicine, to be held at 
the Marriott Motor Hotel, Philadelphia, 
Pa., March 19 and 20, 1965. 

The Symposium will encompass recent 
advances in dynamic function studies, 
instrumentation and organ scanning with 
radioisotopes. 

Inquiries should be directed to Luther 
W. Brady, M.D., Director, Radiation 
Therapy, Philadelphia Nuclear Symposi- 
um, P.O. Box 46, Jenkintown, Pa., 19046. 


SCANNING SYMPOSIUM 
QUEENS HOSPITAL CENTER 

A Scanning Symposium on Occult Bone 
Metastases for the informal exchange of 
ideas on radioactive scanning as well as 
presentation of cases and techniques will 
be held March 4, 1956, 8:00 P.M., at Queens 
Hospital Center, with M. David Charkes, 
M.D., Head, Radioisotope Unit, Albert 
Einstein Medical Center, Philadelphia, 
Pa., as the speaker. 

Subsequent meetings wil be held the 
first Thursday of each month. 

"For further information contact Leon- 
ard B. Geldman, M.D., Physician-in- 
charge, Radiation Medicine Department, 
Queens Hospital Center, 82-68 164th 
Street, Jamaica 32, N. Y. 


POST GRADUATE COURSE 
IN RADIOTHERAPEUTIC MEDICINE 
MELBOURNE, AUSTRALIA 
The Staff of the Peter MacCallum Clinic 
and Cancer Institute Board will conduct a 
Post Graduate Course of instruction in 
Radiotherapeutic Medicine suitable for can- 
didates preparing for Part II of specialist 
diplomas in radiotherapy held by the Col- 
lege of Radiologists of Australasia, Uni- 


versity bodies and similar organizations. 
The course will also be suitable for those 
seeking refresher instruction in radiother- 
apy. 

The course is full time, of 6 weeks’ dura- 
tion and will consist of 60 lectures and 60 
lecture demonstrations and practical classes 
in the Principles and Practice of Radio- 
therapy, Pathology and Radiobiology. 

The course will commence on May 24, 
1965 and end on July 2, 1965. 

Full particulars and application forms 
are available on request. Entries for the 
course will close on April 1, 1965. 

All inquiries and correspondence should 
be addressed to R. K. Churches, The Ad- 
ministrative Secretary, Education Com- 
mittee, Cancer Institute Board, William 
Street, Melbourne, Australia. 


THE BRITISH INSTITUTE OF RADI- 
OLOGY ANNUAL CONGRESS AND 
EXHIBITION 

The Annual Congress and Exhibition of 
the British Institute of Radiology will be 
held April 8 and 9, 1965 at the School of 
Pharmacy, 29-39 Brunswick Square, Lon- 
don, W.C.1. 

The program includes a joint meeting of 
the Sections on Radiodiagnosis and Radio- 
therapy, the topic being Carcinoma of the 
Esophagus; 2 separate meetings of the 
Section of Radiodiagnosis with the topics 
of the Early Radiological Management of 
Head Injuries, and the Early Manifesta- 
tion of Arthritis; and 2 separate meetings 
of the Section on Radiotherapy with the 
topics of Osteogenic Sarcoma and Dosim- 
etry at Interfaces. 

The Mackenzie Davidson Memorial Lec- 
ture will be delivered by Dr. Hugh Davies 
on Friday, April oth, at 5:15 p.m. in the 
Assembly Hall. His subject will be Three 
Score Years and Ten. 

The Scientific Exhibitions will consist of 
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instruments, models, diagrams, charts and 
films illustrating work in the fields of 
Radiodiagnosis, Radiotherapy, Radiobiol- 
ogy and Physics. 

The Annual Dinner of the Institute will 
take place fer members and their guests on 
Thursday evening, April 8th. This func- 
tion will be held at the Café Royal, Regent 
Street, London, W.1, and will be followed 
by an informal dance. 

Attendance at any part of the Congress 
other than the Memorial Lecture will be 
restricted to those who have applied for 
registration as a member of the Annual 
Congress. 

All correspondence concerning the An- 
nual Congress should be addressed to the 
General Secretary, British Institute of 
Radiology, 32 Welbeck Street, London, 
W.1, England. The envelope should be 
marked "Annual Congress." 


FIRST CARIBBEAN CONGRESS OF 
RADIOLOGY 

The First Caribbean Congress of Radi- 
ology 1s being organized by the Department 
of Radiology at the University of the West 
Indies in conjunction with the Committee 
on Post Graduate Studies of the Facultv of 
Medicine. 

The Congress will take place over five 
days from the 23rd to the 27th of March, 
1965. The time, towards the end of the 
tourist season, has been particularly se- 
lected as the dbase may be expected to 
be pleasant and comfort able for all visitors. 

An interesting program has been pre- 
pared, each morning and afternoon session 
being devoted to a particular aspect of 
Radiology. The introductory theme will 
place emphasis on Geographical Pathology 
and some comparative aspects of African 
and Caribbean Pathology will be discussed. 


Items 
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Outside contributions are planned and 
eminent speakers from Africa, Canada, the 
United States and the United Kingdom are 
expected. 

For further information please contact 
the Secretary of the Congress, B. Tomlin- 
son, Department of Radiology, University 
of the West Indies, Kingston, Jamaica. 


APPEAL TO MEMBERS OF THE 
AMERICAN ROENTGEN RAY 
SOCIETY 

The American Roentgen Ray Society 
empowered Dr. Wendell G. Scott to as- 
semble a complete set of THE AMERICAN 
JournaL or RoENTGENOLOGY, RADIUM 
THERAPY AND NuctEAR Mepicine to be 
presented to the Sociedad Mexicana de 
Radiología as an expression of esteem. 

is Gak are the ee issucs 


F a. 15s iu ul o I AN id BUR 
1949. 

If vou have any of these issues available, 
please contact. Wendell G. Scott, M.D., 
100 N. Euclid, St. Louis 8, Missouri. 


W. EDWARD CHAMBERLAIN 
LECTURE 

The 1965 Lecture correlating Radiology 
and Physiology, in the series a Dr. 
W. Edward Chamberlain: Emeritus Pro- 
fessor of Radiology, will be given by Dr. 
Elliott C. Lasser, Procesos of Radiology, 
University of Pittsburah School of Medi- 
cine, on March 10, 1965 at 4:00 P.M. in 
the Aud RS the Temple University 
School of Medicine, 3400 North Broad 
Street, Philadelphia, Pennsylvania. The 
title of Dr. Lasser’s lecture is, "Pharmaco- 
dynamics of Radio-Opaque Contrast Ma- 
terials.” 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for 
the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


Taur Puysics or Rapro.ocy. Second Edition. 
Revised Second Printing. By Harold Elford 
Johns, M.A., Ph.D., F.R.S.C., LL.D., Pro- 
fessor and Head of the Department of Med- 
ical Biophysics; Professor of Physics, Uni- 
versity of Toronto; Head, Physics Division, 
Ontario Cancer Institute, Toronto, Canada. 
Cloth. Pp. 767, with many tables and figures. 
Price, $23.00. Charles C Thomas, Publisher, 
301-327 East Lawrence Avenue, Springfield, 
Ill., 1964. 


The revised Second Printing of the Second 
Edition remains basically unchanged from its 
widely accepted predecessor which has become 
a classic of the radiologic literature. Minor alter- 
ations and additions, such as an expanded list of 
references, serve to bring the text up to date ina 
constantly advancing field of dynamic progress. 

Most of the terminology in the text appears 
in the unaltered original form despite certain 
recommendations made by the International 
Commission on Radiological Units in 1963. In 
the preface the author explains the reason for 
the continued use of such terms as, for instance, 
the exposure dose and absorbed dose, by stating, 
“We are using the original notation in order 
that the distinction between the two quantities 
continues to be emphasized.” Likewise, the 
usage of the conventional symbols for roentgen 
(r) and curie (c) 1s maintained. 

The organization of the chapters follows an 
orderly pattern. The first few chapters deal 
with basic concepts such as the structure of 
matter and radiation, the production and 
properties of x rays and the fundamentals of 
nuclear physics. 

A chapter on discussion, with splendid illus- 
trations, of the radiation apparatus precedes 
sections on radiation absorption and measure- 
ments. À major supplement to these sections is 
the inclusion in the Appendix of extensive 
tables on depth dose and absorption coefh- 
cients, as well as of other helpful references to 
scatter functions and roentgen to rad conver- 
sions. 

Of particular interest to all workers con- 
cerned with radiant energy is a chapter on radi- 
ation protection. 


Specifically included for the benefit of radi- 
otherapists are chapters analyzing the different 
types of rotation therapy and describing the ap- 
plication of radium, cobalt 60 and cestum 137 in 
various forms of treatment. 

Rounding out the broad scope of this excel- 
lent book are chapters dealing with the clinical 
use of isotopes, radiobiology, and with the 
physical principles of diagnostic radiology. 

The material is presented with great author- 
ity in a concise yet remarkably complete man- 
ner, appealing both to student and teacher. The 
many diagrams, graphs and examples of prob- 
lems to be solved are of immeasurable aid in ren- 
dering the subject matter lucid and easy to 
comprehend. For greater interest to the reader, 
the problems are dealt with at the end of most 
chapters, while the answers are listed in the 
back of the book. 

The Physics of Radiology is an extremely valu- 
able source of basic and advanced information 
for practical use and should form an indis- 
pensable part of every radiologic library. 

G. Mappock, M.D. 


Aromic Mepictne. Edited by Charles EF. 
Behrens, M.D., F.A.C.R, Rear Admiral, 
MC, U. S. Navy (ret); Roentgenologist, 
Yater Clinic, Washington, D. C.; Consultant 
and Lecturer in Radiology, U. S. Naval 
Medical Center, Bethesda, Md.; Formerly, 
Director, Atomic Defense Division, Bureau 
of Medicine and Surgery, Navy Department; 
Commanding Officer, Navy Medical Re- 
search Institute, National Naval Medical 
Center, Bethesda, Md.; and E. Richard 
King, M.D., Captain MC, U. S. Navy (ret.); 
Professor and Chairman of Division of Radi- 
ation Therapy and Nuclear Medicine, De- 
partment of Radiology, U. S. Naval Hospital, 
Bethesda, Md. Fourth edition. Cloth. Pp. 
466, with many illustrations. Price, $18.00. 
The Williams & Wilkins Company, 428 E. 
Preston Street, Baltimore 2, Md., 1964. 

In its Fourth Edition this standard reference 
has been considerably revised. Among its best 


features in the past was a group of chapters by 
E. P. Cronkite, V. P. Bond and R. A. Conrad — 
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on the nature of radiation injury, its evolution 
and treatment. These chapters now include 
sections on the management of radiation injury 
in nuclear war, and otherwise incorporate new 
material. The most substantial changes, how- 
ever, have been made in those chapters which 
deal eae clinical nuclear medicine. New addi- 
tions include sections on isotope dilution and 
space studies, iodine diagnosis and treatment of 
thyroid disease, scintillation scanning, hema- 
tologic studies, and a notable section on blood 
volume by S. N. Albert. A good chapter on 
therapy with radiocolloids by E. R. King has 
been preserved, while new material on gastro- 
intestinal and circulatory diagnostic studies and 
radiotherapeutic applications of radiophos- 
phorus is to be found in the greatly augmented 
clinical section. 

The book 1s now a more useful instrument 
than it has been in its previous editions. As a 
text in clinical nuclear medicine, it is reaching a 
competitive status with existing ones, while 
preserving its excellent opening chapters on the 
radiation syndrome in man. 

This book should be available in the library 
of every teaching Clinical Nuclear Medicine 
Department. 





FREDERICK J. Bonre, M.D. 


RaproLtocic DIAGNOSTIC AGENTS: a COMPILA- 
rion, By Wilham H. Strain, Ph.D., Re. 
search Associate, Department of Radiology, 
University of Rochester School of Medicine 
and Dentistry, Rochester, N. Y.; Stanley M. 
Rogoff, M.D., Professor of Diagnostic Radi- 
ology, Department of Radiology, University 
of Rochester School of Medicine and Dentis- 
try, Rochester, N. Y.; Robert H. Greenlaw, 
M.D., Associate Professor, Department of 
Radiology, University of Kentucky College 
of Medicine, Lexington, Ky.; Renner M. 
Johnston, M.D., Formerly, Research As- 
sistant, Department of Radiology, Univer- 
sity of Rochester School of Medicine and 
Dentistry, Rochester, N. Y.; Felix Huegin, 
M.D., Formerly, Research Instructor, De- 
partment of Radiologv, University of Roch- 
ester School of Medicine and Dentistry, 
Rochester, N. Y., and William P. Berliner, 
B.A., Research Assistant, Department of 
Radiology, University of Rochester School 
of Medicine and Dentistry, Rochester, N. Y. 
A Kodak Publication, Volume 4o, Supple- 
ment, 1964, to Medical. Radiography and 
Photography. Paper. Pp. 110, with many 
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illustrations, Eastman Kodak Company, 
Rochester, N. Y., 1964. 


This is the first professional Manual of Radio- 
logic Diagnostic Agents--chemicals used by 
physicians to locate defects in the structure and 
function of various organs. 

These agents are divided into two groups: (1) 
Contrast agents which may be swallowed or in- 


jected to absorb roentgen rays and thus pro- 


duce an outline of the selected organ on a 
roentgenographic film; and (2) radioactive 
labeled agents which enable the study of thy- 
roid disease and the location of blood clots, 
tumors and other abnormalities. 

The principal author of the book is Professor 
William H. Strain of the University of Rochester 
School of Medicine and Dentistry. He was 
assisted by Dr. Stanley M. Rogot, Dr. 
Renner M. Johnston, Dr. Felix Huegin, and 
William P. Berliner of the University of 
Rochester and Dr. Robert H. Greenslaw, now at 
the University of Kentucky. Dr. Strain and the 
co-authors worked in cooperation with the 
editor, William S. Cornwell, of Medica! Radi- 
ography and Photography and many reference 
assistants. 

The publication gives generic names, trade 
names, chemical names, and composition of all 
the diagnostic agents developed throughout the 
world since the discovery of roentgen rays in 
1895. It also includes historic outlines of the de- 
velopment of these agents and the biographies 
of scientists who contributed to this develop- 
ment. 

The compilation was distributed at no charge 
to 50,000 physicians and others who work with 
'adiologic diagnostic agents. 

Preparation of the publication was supported 
in part by grants from the U. S. Public Health 
Service through the National Institutes of 
Health and the Division of Radiological Health, 
Bureau of State Services. 

T, Leucuria, M.D. 


BOOKS RECEIVED 
Response of THE Nervous SYSTEM ro [ONIZING 
Rapiarion, Second International Symposium 
held at the University of California, Los Angeles. 
Edited by Thomas J. Haley, Ph.D., Laboratory of 





Nuclear Medicine and Radiation Biology, Uni- 
versity of California, Los Angeles, Calif.; and 


Ray S. Snider, Ph.D., School of Medicine and 
Dentistry, University of Rochester, Rochester, 
N. Y. Cloth. Pp. 768, with 392 illustrations. 
Price, $13.50. Little, Brown and Company, 
Boston, Mass. 02106, 1964. 


764 


Crasstce Descriptions ix DiacNosric Rogwr. 


GENOLOGY, In Two Volumes. Edited by André J. 
Bruwer, M.B., Ch.B. (University of Cape Town), 
MLS. (University of Minnesota), Roentgenologist, 
Tucson Medical Center, Tucson, Ariz.; Research 
Associate, University of Arizona, Tucson, Ariz.: 
ology, Mayo Clinic, Rochester, Minn. Cloth. Pp. 
for two volumes, 2069, with many illustrations. 
Price, 249.50. Charles C Thomas, Publisher, 301- 
327 East Lawrence Avenue, Springfield, HL, 1964. 
CEREBRAL Parsy. By Sidney Keats, B.S, M.D., 
Attending Surgeon, New Jersey Orthopedic Hos- 
pital; Medical Director, Cerebral Palsy Rehabili- 
tation Institute, Hospital Center, Orange, N. J.; 
Medical Director, Passaic County Elks Cerebral 
Palsy Treatment Center, Clifton, N. J.; Former 
Medical Director, Crippled Children Commission, 
State of New Jersey. Cloth, Pp. 369, with some 
tables. Price, $12.50. Charles C Thomas, Publisher, 
301-327 East Lawrence Avenue, Springfield, HI, 
1965. 


Meprear RapiocgAreuto TPEecuxi10, Third edition. 


Rewritten by William. L. Bloom, Jr., John L. 
Hollenbach, R.T. (ARRT), and James A. Morgan, 
RT. (ARR), Technical Service, X-Ray Depart- 


PIN 


1945). Cloth. Pp. 361, with many illustrations. 
Price, $11.00. Charles C. Thomas, Publisher, 301— 
327 East Lawrence Avenue, Springfield, Hl, 1964. 


Mepreat Uses or Caf: Seconpn Paser REPORT. 


Report of the Second Panel on the medical uses of 
Ca held in Vienna, September 9-11, 1963. Inter. 
national Atomic Energy. Agency, Vienna, 1964, 
Technical Reports Series No. 32. Paper. Pp. 198, 
with many tables. Price, $4.00. National Agency 
for International Publications, Ine., 317 East 34th 
Street, New York, N. Y. 10016, 19654. 


LLrRAsOUND As a DiacNosric & SurcicaL Toor. 


Based on the International Symposium held at the 
Royal College of Surgeons, London, December $, 6, 
1962. Edited by Douglas Gordon, M.B., D.M.R., 
D. M.R.D. Cloth. Pp. 415, with many illustrations, 
Price, $10.50. The Wilhams & Wilkins Company, 
Baltimore 2, Md., 1954. 
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ASCITES TUMORS- YOSHIDA Sarcoma AND ÁsCITES 


Heraroma(s). National Cancer Institute Mono- 
d > Sasaki Institute, 
Japan; Cancer Institute, The Japanese Founda- 
tion for Cancer Research, Japan; National Cancer 
Institute, U.S.A; and Ministry of Education, 
Japan (Monbu-Sho). Edited by Tomizo Yoshida. 
Cloth. Pp. 289, with many illustrations. Price, 
$3.26. Superintendent of Documents, U. S. 
Government Printing Office, Washington, D. C. 
20402, 1964. 


The Matrrearep Cuitp; THe MALTREATMENT 


SYNDROME IN Cuivprex, By Vincent J. Fontana, 


Books Received 


Marcu, 19665 


M.D., FAAP. Director of Pediatrics, St. 
Vincent's Hospital and. Medical Center of New 
York; Medical Director, New York Foundling 
Hospital, New York, N. Y. Cloth. Pp. 67, with 
some illustrations, Price, $5.00. Charles C Thomas, 
Publisher, 30:327 East Lawrence Avenue, 
Springfield, Hl, 1964. 


URETHRAL Lesions IN Iu taNCY AND CHILDHOOD: 


STUDIED BY MICTURITION CYSTO-URETHROGRA- 
eny, By Edmund H. Burrows, M.B., Ch.B. (Cape 
Town), M.Rad., D.M.R.D. (Liverpool), Visiting 
Fellow in. Pediatric Radiology, Children’s Hos- 
pital, Denver, Colo. Cloth. Pp. 112, with many 
illustrations. Price, $5.75. Charles C Thomas, 
Publisher, 301-327; East Lawrence Avenue, 
Springfield, IH., 1964. 


Raprarion BiocugwisrR y, Translated from Russian. 


By A. M, Kuzin. Academy of Sciences of the 
USSR., Institute of Biophysics. Cloth. Pp. 284, 
with some figures. Price, $13.50. Israel Program 
for Scientific Translations, Jerusalem, 1964. In 
U.S.A., Daniel Davey & Co, Inc, 257 Park 
Avenue South, New York, N. Y., 1964. 


Arras DE Raprorocie Cuinieve ov Tune DIGESTIF, 


In Two Volumes. By Marcel Brombart, Chef du 
Service de Radiodiagnostic à la Clinique César-de- 
Paepe, Bruxelles, with the collaboration of Henri 
Marseille. Cloth. Pp. for two volumes, 726, with 
1227 figures. Price, 350 F. Masson & Cie, Edi. 
teurs, 120, Boulevard Saint-Germain, M Paris, 
France, 1964. 


THe Hisronv or Surcicat ANnestHesta. By 


Thomas E. Keys, A.B., M.A., Librarian of the 
Mayo Clinic, Rochester, Minn.; Associate Pro- 
fessor of History of Medicine, Mayo Foundation, 
Graduate School, University of Minnesota; 
Honorary Member, American Society of Anes- 
thesiologists. Paper. Pp. 193, with some ilustra- 
tions, Price, $2.0c. Dover Publications, Inc.., 180 
Varick Street, New York 14, N. Y., 1964. 


Le ESPERIENZE RADIOGRAFICHE NELLA EVOLUZIONE 


DELLO STUDIO ÁNATOMICO DEL SISTEMA Lan rarico 
DELL Uomo. By L. Oliva and C. Stuart. Relazione 
al XXIII Convegno della Società Italiana di Ana- 
tomia, Siena, October 14-17, 1963. Paper. Pp. 393, 
with some illustrations. Valsalva, Editrice, J'i- 
renze, Italy, 1964. 


SYMPOSIUM ON MOLECULAR ACTION or MUTAGENIC 


AND CARCINOGENIC AGENTS. Sponsored by The 
Biology Division, Oak Ridge National Labora- 
tory, Oak Ridge, Tenn. Given at the Research 
Conference for Biology and Medicine of the 
Atomic Energy Commission, Gatlinburg, Tenn., 
April 6-9, 19604. Reprinted from “Journal of 
Cellular and Comparative Physiology," Volume 
63, Supplement 1, October, 1964. Paper. Pp. 191, 
with some figures. The Wistar Institute of Anat- 
omy and Biology, Philadelphia, Pa., 1964. 
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SOCIETY PROCEEDINGS 








MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN RogNTGEN Ray SocikTy 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rochester, 
Minn, Annual meeting: Hilton Hotel, Washington, D. C., 
Sept. 28-Oct. 1, 1965. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. John L. Pool, 444 East 68th Street, 
New York, N. Y. too2z1. Annual meeting: Roosevelt 
Hotel, New Orleans, La., April 8-10, 1965, 

RADIOLOGICAL SOCIETY OF NORTH AMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb, Annual meeting: 
Palmer House, Chicago, HL, Nov. 28-Dec. 3, 196s. 

American CortgcE or RaproLocy 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Hl. Annual meeting to be announced. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West 101 Eight Ave., Spokane 4, Wash. Annual 
meeting: New York, N. Y., June 20-24, 1965. 

AMERICAN Board or RabioLocv 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Rochester, Minn. 

The Spring 1965 examination will be held at the San 
Francisco Hilton Hotel, San Francisco, Calif., June 13- 
18, inclusive. This will be the last time that the Special 
Examination in Nuclear Medicine will be offered to 
physicians who are already certified in Radiology or 
Therapeutic Radiology. The deadline for filing applica- 
tions for this examination was December 31, 1964. 

The Fall 196; examination will be held at the Statler 
Hilton Hotel, Dallas, Texas, December s—10, inclusive. 
The deadline for filing applications for this examination 
is June 30, 196s. 

AMERICAN AssociATION OF Puvsicisrs IN MEDICINE 
Secretary-Treasurer, Charles S. Simons, University of 
Michigan Hospital, Ann Arbor, Mich. Annual meeting to 
be announced. 

AMERICAN Cuur or THerapeutic Rapio.ocists 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 

ELEVENTH INTERNATIONAL ConGress or RapiotLocv 
Secretary-General, Professor Dr. Med. Arduino Ratti, via 
Moscova, 44-1, Milan, Italy. Address inquiries to Profes- 
sor Dr. Med. Luigi Turano, President-Elect, Istituto di 
Radiologia, Universita di Roma, Rome, Italy. Meeting: 
September 22-28, 1965. 

NINTH Inrer-American Congress or RADIOLOGY 
Counselor for the United States, Dr. Philip J. Hodes, 
Jefferson Medical College Hospital, 1ith and Walnut 
Streets, Philadelphia 7, Pennsylvania. Meeting: Monte- 
video, Uruguay, 1967. 

ALABAMA RabioLoGicAL Socigry 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Treasurer, Raymond Maxson, 86 E. Randolph St 
Chicago, IH. Annual meeting to be announced. 

Arizona RaApioLocGicAtL SOCIETY 
Secretary-Treasurer, Dr. George Gentner, 3435 W. 
Durango, Phoenix, Ariz. Two regular meetings a year. 
Annual meeting at time and place of State Medical Asso- 
ciation and interim meeting six months later. 

ARKANSAS RADIOLOGICAL SoclETY 
Secretary Dr. Charles W. Anderson, 11083 Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association, 
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Association OF Universiry RADIOLOGISTS 
Secretary-Treasurer, Dr. Alexander R. Margulis, Depart- 
ment of Radioiogy, University of California, San Fran- 
cisco, Calif. Annual meeting: Seattle, Washington, 
May 14 and 15, 1965. 

ATLANTA RADIOLOGICAL SOCIETY 
secretary, Dr, Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly excep: during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M, 

BAVARIAN-AMERICAN Rapio.ocic Society 
Secretary, Dr. Roy R. Deffebach, Major, MC, Radiology 
Service, «th General Hospital, APO 1:4, New York, N. Y. 
Meets quarterly. 

BriockrtEYv RADIOLOGICAL SOCIETY 
Secretary, Dr. Bernard J. Ostrum, 2412 North sand St., 
Philadelphia, Pa. 

Bivecrass RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Daniel J. Hanson, University of 
Kentucky, Medical Center, Lexington, Kentucky. Meets 
quarterly, 

Brookiyn RADIOLOGICAL SOCIETY 
Secretary, Dr. Jay P. Sackler, Brooklyn, N. Y. Meets 
first Thursday of each month, October through June. 

BurraLo RADIOLOGICAL SOCIETY 
Secretary, Dr. Berkeley Zinn, 85 Wehrle Dr., Buffalo 25, 
N. Y. Meets second Monday evening each month, Octo- 
ber to May inclusive. 

CALIFORNIA RADIOLOGICAL Society 
Secretary, Dr. L. Henry Garland, Suite 1739, 450 Sutter 
St, San Francisco, Calif. Meets annually during meeting 
of California Medical Association. 

CarAwBA VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Emmett R, White, P. O. Box 303, Ruther- 
ford College, N. C. Meets every Tuesday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C. at 
12:00 P.M. 

CENTRAL New Yonk Rapbtrotocicat Society 
Secretary Treasurer, Dr. Edward W. Carsky, Crouse- 
Irving Hospital, 820 S. Crouse Ave., Syracuse, N., Y. 
Meets first Monday each month, October through May. 

CENTRAL Onto RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Harold W. Long, 81 S. Fifth St., 
Columbus 15, Ohio. Meets third Thursday in October, 
and second Thursday in November, January, March 
and May at Fort Hayes Hotel, Columbus, Ohio. 

CENTRAL SOCIETY OF NUCLEAR MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Bldg., 1903 West Harrison St., Chicago 12, lll. 

Cuicaco ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Robert D. Moseley, fr., Dept. 
of Radiology, Univ. of Chicago, 9:0 E. sgth St., Chicago 
37, Ill. Meets second Thursday of each month, October 
to April except December at the Pick-Congress Hotel at 
8:00 P.M. 

CLEVELAND RADIOLOGICAL SOCIETY . 
Secretary-Treasurer, Dr. James Christie, ros1s Carnegie 
Avenue, Cleveland, Ohio. Meetings at 7:00 p.m. on fourth 
Monday of October, November, January, February, 
March and April. 

CoLoRADo RADIOLOGICAL SOCIETY 
Secretary, Dr. David J. Stephenson, 8300 West 38th Ave., 
Wheat Ridge, Colo. Meets third Friday of each month 
at Denver Ath etic Club from September through May. 

Connecticut VaLLEY Raplo.ocic Society 
Secretary, Dr. William W. Walthall, Jr., 130 Maple St., 
Springfield, Mass. Meets in April and October. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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Datias-Forr Worta RADIOLOGICAL SOCIETY 
Secretary, Dr. R. E. Collier, 3500 Gaston Ave., Dallas, 
Tex. Meets monthly, third Monday, at Southwest Inter- 
national Airport at 6:30 P.M. 

Derrorr RoevTGEN Ray anb Raptum Society 
Secretary, Dr. Arch H. Hall, Harper Hospital, Detroit 1, 
Mich. Meets monthly, first Thursday, October through 
May, at David Whitney House, 1010 Antietam, at 6:30 
P.M, 

East Bay ROENTGEN Society 
Secretary, Dr. Dan Tucker, 434 30th St., Oakland 9, 
Calif. Meets first Thursday each month at Peralta 
Hospital, Oakland, Calif. 

East Tennessee RADIOLOGICAL SOCIETY 
Secretary, Dr. C. H. Kimball, 2200 Harris Circle, Cleve- 
land, Tenn. Meets in January and September. 

Eastern RADIOLOGICAL SOCIETY 
Secretary, Dr. James F. Martin, North Carolina Baptist 
Hospital, Winston-Salem, N. C. 

Frogipa RADIOLOGICAL SOCIETY 
Secretary, Dr. Andre S. Capri, 3471 N. Federal Highway, 
Fort Lauderdale, Fla. Meets twice annually, in the spring 
with the annual State Society Meeting and in the fall. 

Froripa West Coast RADIOLOGICAL SOCIETY 
Seeretary-Treasurer, Dr. Garth R. Drewry, Tampa 
General Hospital, Tampa 6, Fla. Meets in January, 
April, July and October. 

Georota RADIOLOGICAL SOCIETY 
Secretary, Dr. David Robinson, P.O. Box 394, Savannah, 
Ga. Meets in spring and fall with Annual State Society 
Meeting. 

Greater Miami RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Oliver P. Winslow, Jr., Baptist 
Hospital of Miami, Inc., 8900 S. W. 88th St., Miami 56, 
Fla. Meets monthly, third Wednesday at 8:00 PM. at 
Jackson Memorial Hospital, Miami, Fla. 

Greater Sr. Louis Socrery or RADIOLOGISTS 
Secretary, Dr. C. M. Witt, £16 Hampton Village Plaza, 
St. Louis 9, Mo. 

Housrox RADIOLOGICAL SOCIETY 
Secretary, Dr. D. A. Van Velzer, Texas Medical Center 
Library, Jesse H. Jones Library Bldg, Houston 25 
Tex. Meets fourth Monday of each month, except June, 
July, August and December, at the Doctors’ Club, 
8:00 P.M., Houston, Tex. 

IpaHo Srare RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho, Meets in the spring and fall. 

Iuurnors RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, lll. Meets in the spring and fall. 

IupiaNA RoeNnTGEN Society, Inc. 

Secretary, Dr. Richard A. Silver, 1815 N. Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 
lowa RADIOLOGICAL SOCIETY 

Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, Iowa. Luncheon and business meeting during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kansas RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. F. Conrad, Newman Me- 
morial Hospital, Emporia, Kan. Meets in spring with 
State Medical Society and in winter on call. 

KENTUCKY CHAPTER, AMERICAN COLLEGE or RADIOLOGY 
Secretary-Treasurer, Dr. Robert H. Greenlaw, Dept. of 
Radiology, Univ. of Kentucky Med. Ctr., Lexington, Ky. 
Meetings will be semiannually, 

Kenrucky RaptoLocicat Society 
Secretary-Treasurer, Dr. Joan R. Hale, 402 Heyburn 
Building, Louisville, Ky. Meets monthly on second 
Friday at Sheraton Hotel, Louisville, Ky. 

Kines Country RADIOLOGICAL SOCIETY 
Secretary, Dr. Stanley Dannenberg, 1917 Bedford Ave., 
Brooklyn 25, N. Y. Meets Kings County Med. Soc. 
Bldg. monthly on fourth Thursday, October to May, 
8:45 P.M. 
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KNoxviLLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital, 

Los ANcEgLEs RADIOLOGICAL SOCIETY 
Secretary, Dr. Austin R. Wilson, «40 N. Central Ave., 
Glendale, Calif. 91203. Meets second Wednesday of 
month in November, January, April and June at Los 
Angeles County Medical Association. Building, Los 
Angeles, Calif. Annual midwinter meeting to be an- 
nounced. 

MaixE RADIOLOGICAL Society 
Secretary, Dr. J. T. Chen, 7 Cherry Hill Terrace, Water- 
ville, Me. Meets in June, September, December and 
April. 

MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Maryland. 

Mempuis RoENTGEN SOCIETY 
Secretary Treasurer, Dr. Irving K. Ettman, 684 W. 
Brookhaven Circle, Memphis, Tenn. Meets first Menday 
of each month at John Gaston Hospital. 

Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. William D. Roberts, 2197 Los Arrow Dr., 
Dayton 9, Ohio. Meets second Friday of fall and winter 
months. 

Mipb-Hupsos RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Alexander W. Friedman, Mid- 
Hudson Medical Group, Fishkill, N. Y. Meets 7100 P.M., 
first Wednesday of each month September to May. 

Minwavker RogNTGEN Ray SOCIETY 
Secretary-Treasurer, Dr. Harold F. Ibach, 2400 W. Vil- 
lard Avenue, Milwaukee 9, Wis. Meets monthly on 
fourth Monday, October through May, at University 
Club. 

Minnesota RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Frank J. Anderson, 810 E. 27th 
St., Minneapolis 7, Minn. Meets three times annually, in 
fall, winter and spring. 

Mississippl RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Dan T. Keel, Jr., sog Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 PM. 

Missouri RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. M. Shoss, Cape Girardeau, Mo. 

Montana RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

Nassau RADIOLOGICAL SOCIETY 
Secretary, Dr. Perry R. Mandel, Nassau Hospital, 
Mineola, L. L, N. Y. Meets second Tuesday of the month 
in February, April, June, October and December. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. Meets 
third Wednesday of each month at 6 p.m. in Omaha or 
Lincoln. 

NevabA RADIOLOGICAL SOCIETY 
Secretary, Dr. William G. Arbonies, Department of 
Radiology, St. Mary's Hospital, Reno, Nev. 

New Encianp RogNTGEN Ray SOCIETY 
Secretary, Dr. Jack R. Dreyfuss, Zero Emerson Place, 
Boston, Mass, 02114. Meets third Friday of each month, 
October through April, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass., at 4130 P.M. 

New Hampsnire Roentcen Ray Socrery 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 

New Mexico Association OF RADIOLOGISTS 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico. 

New Mexico Socigrv or RADIOLOGISTS 
Secretary, Dr. William G. McPheron, Hobbs, New 
Mexico. Four annual meetings, three held in Albuquer- 
que, N. M., and one held at time and place of New 
Mexico State Medical Society annual meeting. 
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New Mexico RoENTGEN SOCIETY 
Secretary, Dr. Harry Z. Mellins. Meets monthly on third 
Monday at the New York Academy of Medicine at 4:30 
P.M., Annual Spring Conference: Waldorf-Astoria Hotel, 
April 29, 30 and May 1, 1965. 

Norty Carona RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

Nortu Dakota RADIOLOGICAL SOCIETY 
Secretary, Dr. John Jestadt, Depuy-Sorkness Clinic, 
Jamestown, N. D. Meets at time of State Medical Asso- 
ciation meeting. Other meetings arranged on call of the 
President. 

Norty Fioripa RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles H. Newell, 800. Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. John M. Johannessen, Mercy Hospital, 
Sacramento, Calif. Meets fourth Monday of Sept., Nov., 
Jan., March and May at the Sutter Club in Sacramento. 

NORTHWESTERN OHIO RADIOLOGICAL SOCIETY 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Ouio SrATE RADIOLOGICAL SOCIETY 
Secretary, Dr. M. M. Thompson, Jr., 316 Michigan St., 
Toledo 2, Ohio. Annual meeting: Terrace Hilton Hotel, 
Cincinnati, Ohio, May, 1965. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Dave B. Lhevine, Bro Doctors Bldg., 
2021 South Lewis, Tulsa, Okla. Meets in January, May 
and October. 

Orance County RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Herbert H. Benson, 100 East 
Valencia-Mesa Dr., Fullerton, Calif. Meets fourth 
Tuesdav of every month in Orange County Medical 
Association Building. 

OREGON RADIOLOGICAL SOCIETY 
Secretary - Treasurer, Dr. James A. Schneider, St. Vincent 
Hospital, Portland 10, Ore. Meets on second Wednesday 
of month at 7:00 p.m. at the University Club, Portland, 
Ore 

ORLEANS ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Paciric Nortuwest RADIOLOGICAL SOCIETY 
Secretary, Dr. Willis Taylor, Seattle, Washington. An- 
nual meeting to be announced. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Frederick R. Gilmore, Clearfield 
Hospital, Clearfield, Pa. Annual meeting: Pittsburgh 
Hilton Hotel, May 21-22, 196s. 

PurLaDeLtpuia RoentGen Ray Society 
Secretary, Dr. Antolin Raventos, Hospital of the Uni- 
versity of Pennsylvania, Philadelphia 4, Pa. Meets first 
Thursday of each month at 5 p.m., from October to May 
in Thompson Hall, College of Physicians, 

PirrspurcH RoENTGEN SociEeTY 
Secretary, Dr. Robert N. Berk, 3305 Fifth Ave., Pitts- 
burgh 13, Pa. Meets second Wednesday of month, Octo- 
ber through June at Park Schenely Restaurant. 

RADIOLOGICAL SOCIETY OF CONNECTICUT 
Secretary-Treasurer, Dr. Orlando F. Gabriele, r450 
Chapel St., New Haven 11, Conn. Meetings are held 
bimonthly. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary, Dr. Harold N. Margolin, 61:9 Tulane Road, 
Cincinnati, Ohio. Meets first Monday of each month at 
Cincinnati Academy of Medicine. 

RapioLocicAL Society or GREATER Kansas Crrv 
Secretary, Dr. J. Stewart Whitmore, toro Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 
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RaproLocicaL Society or Hawai 
Secretary, Dr, Russell E. Graf, P.O. Box 294, USA Tripler 
General Hospital, Honolulu, Hawaii. Meets third Mon- 
day of each month at 7:30 P.M. 

RaprioLocicaAL Soctery or Kansas Ciry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL Society or LOUISIANA 
Secretary, Dr. Andrew F. Giesen, Ochsner Clinic, New 
Orleans 15, La. Meets annually during Louisiana State 
Medical Society meeting. 

RabioLoGicAL Socigrv or New JERSEY 
Secretary, Dr. E. Arthur Kratzman, 912 Prospect Ave., 
Plainfield, N. J. Meets in Atlantic City at time of State 
Medical Society meeting and in October or November 
in Newark, N. J. 

RADIOLOGICAL SOCIETY or THE STATE OF NEW York 
Secretary Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. Annual meeting to be an- 
nounced. 

RabpioLocicAL Socigrv or Soutu DAKOTA 
Secretary- Treasurer, Dr. Donald J. Peik, 303 5. Minne- 
sota Ave., Sioux Falls, 5. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. John L. Gwinn, Children's Hos- 
pital of Los Angeles, 4614 Sunset Blvd., Los Angeles, 
Calif. 90027. Meets three times a year, usually October, 
February, and May. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RicumMonp County RADIOLOGICAL SOCIETY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

Rocuesrer RoeNTGEN Ray Society, Rocuester, N. Y. 
Secretary, Dr. Irving B. Joffe, Rochester General Hos- 
pital, 1425 Portland Ave., Rochester 21, N. Y. Meets at 
8:15 P.M. on the last Monday of each month, September 
through May, at Strong Memorial Hospital. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Freed, 4200 East Ninth Ave., Den. 
ver 20, Colo. Annual meeting to be announced. 

SAN Anronto-Mitrrary RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Tex. Meets third Wednesday 
each month in Fort Sam Houston Officer's Club at 6:30 
P.M, 

San Diego RADIOLOGICAL SOCIETY 
President-Secretary, Charles P. Hyslop, 7901 Frost St., 
San Diego 22, Calif. Meets first Wednesday of each 
month at the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. Malcolm Jones, University of California 
Hospital, San Francisco 22, Calif. Meets quarterly at the 
San Francisco Medical Society, 250 Masonic Ave., San 
Francisco 18, Calif. 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

SEcrioN on RapiorLocv, Mepicat Socigry or tHe Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Martin A, Thomas, 1150 Con- 
necticut Ave., Washington 36, D. C. Meets at Medical 
Society Library, third Wednesday of January, March, 
May and October at 8:00 P.M. 

SECTION on RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Andrew F. Giesen, Jr, Drawer M.M, 
White-Wilson Clinic, Fort Walton Beach, Florida 32548. 
Annual meeting: Houston, Texas, Nov. I~4, 1965. 

Section on RapioLoGy, Texas MEDICAL Association 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 
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SHREVEPORT RADIOLOGICAL CLUB 
Secretary, W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. ‘ 

Society ror Pepratric RapioLocy 
Secretary, Dr. John L. Gwinn, Children’s Hospital, Los 
Angeles 27, Calif. Annual meeting: Hilton Hotel, Wash- 
ington, D. C., Sept. 27, 1965. 

SOCIETY or NUCLEAR MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago 11, HL 
Annual meeting: Bal Harbour, Fla., June 17-19, 1965. 

Souty Bay RADIOLOGICAL SOCIETY 
Secretary, Northern Section: Dr. John H. Callaghan, 
2900 Whipple Ave., Redwood City, Calif.; Southern Sec- 
tion: Dr, Paul L. Clemetson, 877 W. Fremont Ave., 
Suite C-3, Sunnyvale, Calif. Meets second Wednesday of 
each month, 

Soutn CangoriNA RADIOLOGICAL Society 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

Soury Dakora RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald J. Peik, 1417 S. Minnesota Ave., 
Sioux Falls, S. Dak. Meets in spring with State Medical 
Society and in fall. 

SouTHERN RADIOLOGICAL CONFERENCE 
Secretary Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. Annual meeting to 
be announced, 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, go4 Chelsea, El Paso, 
Tex, Meets last Monday of each month at 6:30 P.M, in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. B. M. Brady, St. Joseph Hospital, Mem- 
phis, Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association meeting. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. R. P. O'Bannon, 402 Professional Bldg., 
1216 Pennsylvania Ave., Fort Worth 4, Tex. Annual 
meeting to be announced. 

Tri-Srate RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, ]r., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 
Jan., March and May, 8:00 PaM., Elks Club in Evans- 
ville, Ind. 

Universrry or Micuican DEPARTMENT oF ROENTGEN- 
oLoGcy Srarr MEETING 
Meets each Monday evening from September to June, at 
5:00 p.m. at University Hospital, Ann Arbor, Mich. 

Uprer Penrnsuta RabiorocicAr Socigrv 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Uran Srarg RabpioLOGICAL Sociery 
Secretary, Dr. Carlisle C. Smith, Salt Lake General Hos- 
pital, 2033 S. State St, Salt Lake City, Utah. Meets 
fourth Wednesday in January, March, May, September 
and November at Holy Cross Hospital. 

Vermont RADIOLOGICAL SOCIETY 
Secretary, Dr. John R. Williams, 160 Allen St., Rutland, 
Vt. 

VinciN1A RADIOLOGICAL SOCIETY 
Secretary, Dr, John M. Ratliff, Mary Immaculate Hos- 
pital, Newport News, Va. 

WASHINGTON SrAvTE RADIOLOGICAL SOCIETY 
Secretary, Dr. Owen Marten, 930 Terry Avenue, Seattle, 
Wash. Meets quarterly. 

Wesr VinciNIA RapiotrocicAL SOCIETY 
Secretary, Dr. Karl J. Myers, The Myers Clinic-Broad- 
dus Hospital, Philippi, W. Va. Meets concurrently with 
Annual Meeting of West Virginia State Medical Society; 
other meetings arranged by program committee. 
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WESTCHESTER RADIOLOGICAL SOCIETY 
Secretary, Dr. Joel J. Schwartzman, Westchester Academy 
of Medicine, Section on Radiology, Purchase, N. Y. 
Meets on third Tuesday of January and October and on 
two other dates, 

Wisconsin RADIOLOGICAL Society 
Secretary, Dr. Charles Benkendorf, 408 St. Francis St., 
Green Bay, Wis. Meets twice a year, May and September. 


Cuna, Mexico, Puerto Rico AND CENTRAL AMERICA 


ASOCIACIÓN DE Rapidtocos pe CENTRO AMERICA Y 
PaNaMÁ, Comprising: Guatemala, El Salvador, Hon. 
duras, Nicaragua, Costa Rica and Panamá. 
Secretary-General, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries, 

Sociepap DE Rapiotocía pg EL SALVADOR 
Secretary, Dr. Rafael Vaga Gómez. 

SociEbAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9%. Calle A o-oz, Zona 1, 
Guatemala, 

SociEpAD DE RapioLocía v FistorERAPÍA CUBANA 
Secretary, Dr. Miguel A. Garcia Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SOCIEDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vin, 
San José, Costa Rica. 

Socrepap Mexicana DE Rabiorocía, A.C. 

Calle del Oro No. 15, México 7, D. F. 
Secretary-General, Dr. E. Alvarez Hernández. 
Meets first Monday of each month. 

ASOCIACIÓN PUERTORRIQUEÑA DE RapbtrotLocíA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professiona 
Bldg., Santurce, Puerto Rico. 

SociepaD RAbiotÓcicA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamá, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

Socrepap RabrotócicA DE Puerto Rico 
Secretary, Dr. Jorge Carreras Girard, Suite 504, Profes- 
sional Bldg., Santurce, Puerto Rico. Meets second Thurs- 
day of each month at 8:00 p.m. at the Puerto Rico Medi- 
cal Association Bldg. in San Juan. 


BRITISH COMMONWEALTH OF NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF QUEBEC 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1:60 
Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a year. 

Brrrisu Instrrure or RADIOLOGY 
Honorary Secretary, Dr. R. D. Hoare, 32 Welbeck St., 
London, W. 1, England. Meets monthly from October 
until May. 

CANADIAN Association oF Puysicists, Division oF 
Mepicat AND Biorogicar Puvsics. 

Honorary Secretary- Treasurer, Paul M. Pfalzner, Dept. of 
Therapeutic Radiology, University of Western Ontario, 
London, Ont., Canada. Annual meeting to be announced. 

EpMoNTON AND District RADIOLOGICAL SOCIETY 
Secretary, Dr. J. T. Mason, 540 Tegler Bldg., Edmonton, 
Alberta, Canada. Meets second Tuesday of each month, 
October to May. 

Facutty or RADIOLOGISTS 
Honorary Secretary, Dr. J. N. Pattinson, 47 Lincoln’s Inn 
Fields, London, W.C.2, England. Annual meeting: 
Cambridge, England, June 18-19, 1965. 

Facutty or RapiorLocisrs, Rovat COLLEGE oF SURGEONS 
in IRELAND 
Registrar, Dr. H. O'Flanagan, F.R.C.P.1., D.P.H., 123 
St. Stephens Green, Dublin 2, Ireland. 

Secrion or RapioLocv or tHE Roya Socigry or MEDI- 
cine (Conrineo ro MepicaL MEMBERS) 

Meets third Friday each month at 4:45 P.M. at the Royal 
ea a of Medicine, 1 Wimpole St., London, W. 1, Eng- 
and. 
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CANADIAN ÁssociATION OF RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. D. J. Steniewicz, Asso- 
ciate Honorary Secretary-Treasurer, Dr. Maurice Dufresne, 
1555 Summerhill Ave., Montreal 25, Que., Canada. 
Annual meeting to be announced. 

MONTREAL RapioLoGIcaL Stupy CLUB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

Section or Raprotocy, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

SociÉTÉ CANADIENNE-FRANCAISE D’ELecrRO-RADIOLOGIE 
MEDICALE 
General Secretary, Dr. Maurice Dufresne, 1560 Sher- 
brooke (East), Montreal, Que., Canada. Meets third 
Saturday each month. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. Wallace M. Roy, St. Joseph's Hospitals, 
30 The Queensway, Toronto 3, Ont., Canada. Meets 
second Monday of each month, September through May. 

COLLEGE OF RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medical 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia. 


SOUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RapbioLocíA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Afiaiios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 

Cor£cio BRASILEIRO DE RADIOLOGIA 
Secretary-Generai, Dr. Tede Eston de Eston, Caixa Postal 
5984, Sáo Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGIA 
Secretary, Dr. Armando B. de Onaindia, Santa Fe 1171, 
Buenos Aires. Meetings are held monthly. 

SocigDAD BoLivana DE RADIOLOGÍA 
Secretary, Dr. Javier Prada Méndez, Casilla 1296, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years, 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem, de Sa, Rio de 
Janeiro, Brazil. General Assembly meets every two years 
in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SOCIEDAD CuiLENA pE RabioLocíA 
Secretary, Dr. J. P. Velasco, Avenida Santa María 
O410, Santiago, Chile. Meets fourth Friday of each 
month. 

SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary, Dr. Armando Uribe, Hospital Miltar Central, 
Apartado aéreo No, 5804, Bogotá, Colombia. Meets last 
Thursday of each month. 

Soctepap Ecuatortana DE Raprio.tocfa v Fisiorerapia 
Secretary, Dr. Luis Blum, P.O. Box 3712, Guayaquil, 
Ecuador. 

SoctepaD Paraguaya DE RApioLOGÍA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SOCIEDAD PERUANA DE RADIOLOGIA 
Secretary, Dr. Vicente Ubillus, Apartado 2306, Lima, 
Peru. Meets monthly except during January, February 
and March, at Asociación Médica Peruana “Daniel A. 
Carrión,” Villalta 218, Lima. 

SociEDAD DE RADIOLOGICA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiologia. 
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SoctepaD bE Raprovocia, CaNcEROLOGÍA y Fisica 
MÉDICA DEL URUGUAY 
Secretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGIA DE PERNAMBUCO . 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 05, Pernambuco, Brazil. 

SOCIEDAD DE RKogNtGENOLOGIA Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CÓRDOBA 
Secretary-General Dr. Carlos A. Oulton, Santa Rosa 447, 
Córdoba, Argentina. 

Soctepap VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Rubén Merenfeld, Apartado No. 
9362 Candelaria, Caracas, Venezuela. Meets monthly 
third Friday at Colegio Médico del Distrito Federal, 
Caracas, 

CONTINENTAL EUROPE 

OsTERREICHISCHE RONTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. Annual meeting to be announced. 

SociérÉ Berce pe RADIOLOGIE 
General Secretary, Prof. Simon Masy, Louvain, Belgium. 
Meets in. February, March, May, June, September, 
October, November and December. 

SociéréÉ Européenne DE Rabiotocik PÉDIATRIQUE 
Permanent Secretary, Dr, Jaques Sauvegrain, Hôpital des 
Enfants-Malades, 149, rue de Sèvres, Paris 1 se, France. 
General Secretary, Dr. Ole Eklöf, P.O. Box, Stockholm 60, 
Sweden. Annual meeting: Stockholm, Sweden, May 20- 
22, 1965. 

SociÉTÉ FRANÇAISE D ELECTRORADIOLOGIE MÉDICALE, 
and its branches: Soci£rÉ pu Sup.Ougsr, DU LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU Lyonnais, DU 
NonD, DE L'OussT, DE L’Est, ET p’ALGER ET D'AFRIQUE 
pu Norp. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 8°, 
France. 

ČESKOSLOVENSKÁ SpoLEÉNosT pro ROENTGENOLOGH A 
RADIOLOGH 
Secretary, Dr. Robert Poch, Praha 12, Srobárova <o, 
Czechoslovakia. Meets monthly except during July, 
August, and September. Annual general meeting. 

Drvrscug RÖNTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitäts- 
Róntgeninstitut., Lagenbeckstr. 1, Mainz, Germany. 

SociETÀ Trariana pr Raprotocia MEDICA & pit MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, Italy. Meets annually. 

NEDERLANDSE VERENIGING VOOR RADIOLOGIE 
Secretary, Dr. H. F. O. Stricker, Schalklaar, Netherlands. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a 
joint association. called the Northern Association for 
Medical Radiology, meeting every second year in the 
different countries belonging to the Association. 

Sociepap EspaNota pe Rapiotocfa v ErkecrROLOGÍA 
Meénicas v MEDICINA NUCLEAR 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain. Meets monthly in Madrid. 

SCHWEIZERISCHE GESELLSCHAFT FUR RADIOLOGIE UND 
NUKLEARMEDIZIN (SociÉrÉ Suisse pe RADIOLOGIE ET 
DE MÉDECINE NUCLÉAIRE) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland, 


ASIA 


Inpian RADIOLOGICAL ASSOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 

InponesiaAn RADIOLOGICAL SOCIETY 
Secretary, Professor Sjahriar Rasad Taman Tjut Mutiah 
1, Diakarta, Indonesia. 
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Parkas, J.-A., Bonnar, J., Payan, H., and 
Pruvost, A. Les thromboses puerpérales du 
sinus longitudinal supérieur: (deux observa- 
tions). (Puerperal thromboses of the superior 
longitudinal sinus; report of 2 cases.) Presse 





ROE? 


Clinique neuro-chirurgicale de P Hôpital de la 
Timone, Faculté de Médecine de Marseille, 
France.) 


The occurrence of cerebral thrombophlebitis in the 
puerperal state has been recognized for a long time. 
In 1828, Meniére, and a year later, Tomell, reported 
their observations on such cases. In 1957, Symonds 
and Martin presented the hypothesis of retrograde 
propagation of thrombophlebitis of the pelvic veins 
to the cerebral veins via the vertebral venous plex- 
uses. This occurs under the influence, or as a result, of 
abdominal compression and increased effort, and is 
confirmed by the works of Garcin Pestel, reported in 
1949, as well as by several other reports which have 
since appeared. 

Complete thrombosis of the superior longitudinal 
sinus is very serious and rapidly leads to death. Of 
less frequent occurrence is partial thrombosis, which 
the patient often survives, with residual complica- 
tions. 

The authors report 2 cases of superior longitudinal 
sinus thrombosis occurring in the puerperal period, 1 
ending in death and 1 surviving but retaining perma- 
nent complications—hemiplegia and epilepsy. 

The first patient developed symptoms following 
premature delivery with subsequent phlebitis of the 
left lower extremity for which anticoagulant therapy 
was administered. She developed repeated Jack- 
sonian seizures, coma and, eventually, died. Cerebral 
angiography revealed slow circulation, absence of 
opacification of the superior sagittal sinus and of the 
cortical veins, and increased opacification of the 
inferior longitudinal sinus and of the sylvian veins. 
At autopsy, complete thrombosis of the superior 
sagittal sinus was present, with cerebral softening 
and considerable cerebral hemorrhage. 

The second patient presented a history of repeated 
attacks of thrombophlebitis of the lower extremity, 
following several pregnancies, some of which ended 
in abortion. Following the last pregnancy, partial 
thrombosis of the superior longitudinal sinus de- 
veloped. The patient remained an invalid and re- 
tained permanent damage, with hemiplegia and 
repeated Jacksonian seizures. 

In fatal cases, superior longitudinal sinus throm- 
bosis is followed by cerebral edema, bilateral hemor- 
rhagic infarction and eventually death. In the non- 
fatal cases, with regression of symptoms consequent 
to partial superior sinus thrombosis, the regression of 
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symptoms and improvement of the clinical condition 
depend upon the development of supplementary 
venous circulation through the inferior longitudinal 
sinus and through the sylvian veins. In this manner, 
the initial hemorrhagic edema may be drained and 
permitted to subside. 

The authors stress the importance of bilateral 
carotid angiography from which basic information is 
obtained on which the diagnosis is made; j.e., slowing 
of the circulation, absence of opacification of the 
superior longitudinal sinus as well as of the superior 
cortical veins, and eventually the development of 
abnormal venous channels. 

Opacification of the superior sagittal sinus by 
direct injection is considered dangerous and is not 
recommended by the authors. Neither do they advo- 
cate the use of anticoagulants in the treatment of 
superior longitudinal sinus thrombosis. If anticoagu- 
lants are to be helpful, they should be administered 
early, prior to the development of complete throm- 
bosis. 

Reproductions of a set of 4 films from serial angi- 
ography and 4 photographs of autopsy specimens 
from the first case accompany this article.— 
William H. Shehadi, M.D. 


Brice, J. G., and Crompron, M. R. Spontane- 
ous dissecting aneurysms of the cervical in- 
ternal carotid artery. Brit. M. F., Sept. 26, 


1964, 2, 790-792. (From: Department of 
Neurosurgery of St George's Hospital at 





Atkinson Morley's Hospital, London, Eng- 
land.) 


The cause of obstruction of the internal carotid 
artery in patients below the age of 40 may be obscure. 
Many are secondary to recent trauma. Other causes 
mentioned are cerebral aneurysm and subarachnoid 
hemorrhage, hypertension, blood dyscrasia, chronic 
infection, neoplasms and the postpartum state. 
Atheromatous occlusion is rare. 

In a series of 115 patients with occlusion of the 
internal carotid artery in the neck, 3 cases were the 
result of spontaneous dissecting aneurysm. All 3 
patients presented with sudden hemiparesis or hemi- 
plegia following 12 to 48 hours of headache. One 
patient had blurring of vision in one eye, a character- 
istic symptom of internal carotid occlusion. Roent- 
genologically, a tapering type of filling defect on 
angiography was shown, not unlike that seen in 
atheromatous lesions. At necropsy there was typical 
cystic degeneration of the media of the internal 
carotid and other arteries. All dissections were re- 
mote to the site of needle puncture and were thus 
considered spontaneous. All patients succumbed to 
massive ipsilateral cerebral infarction, 

Of dissections occurring in the carotid and verte- 
bral arterial tree, the majority are located peripher- 
ally within the cranial cavity, the middle cerebral 
artery being most commonly affected. Involvement 
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of the vessels in the neck is rare. Only 1 case has been 
reported previously. 

The diagnosis should be considered in young 
patients with sudden hemiplegia and angiographic 
evidence of the localized irregular tapering defect, so 
that immediate thromboendarterectomy might 
change the course of this disease.. David Corbett, 
ALD. 


HowraNp, W. J., and Curry, J. L. Transient 
cerebral blindness—a hazard of vertebral 
artery catheterization: report of four cases. 
Radiology, Sept., 1964, 83, 428-432. (From: 
Ohio Valley General Hospital, Wheeling, 
W. Va.) 


This is a report of 4 cases of blindness which com- 
plicated selective catheter arteriography of brachio- 
cephalic vessels through the aortic arch. In each 
instance the left vertebral artery was entered inad- 
vertently with a relatively large catheter (Kifa 
yellow) during attempts to catheterize the left com- 
mon carotid artery. Fortunately, the blindness was 
temporary in all 4. In the first 3 cases, its onset took 
place after the injection of opaque medium; in the 
fourth, definite visual loss occurred before the selec- 
tive injection of contrast material. 

Because of these occurrences the authors investi- 
gated the concept of catheter occlusion of the verte- 
bral artery with consequent hypovascularity of the 
occipital cortex. An analysis of 34 catheter arch 
aortograms revealed that the average diameter of 
each vertebral artery is 0.3 cm. Since the external 
diameter of the vellow Kifa catheter used in these 
studies is 0.3 cm. it seems quite obvious that this 
catheter will completely or almost completely oc- 
clude the vertebral artery in many patients. This 
analysis also revealed that there 1s no safe level above 
the aortic arch to which the catheter could be ad- 
vanced before a test dose was given as the distance 
from the aortic arch to the origin of the right verte- 
bral artery varied from 2.2 cm, to 7.0 cm. (average 
4.2 cm.), while on the left the variation was from 1.7 
cm. to 6.7 em. (average 3.9 cm.). 

The authors feel that the premise that free aspira- 
tion of blood after catheter placement is evidence 
that there is no catheter obstruction of the artery 1s 
not valid. They feel that with “tight” catheterization 
of the vertebral artery the so-called "subclavian steal 
syndrome" comes into effect. This is in actuality a 
"catheter vertebral steal” and is due to a reversal of 
blood flow through the catheterized artery when 
aspiration through the catheter 1s done. 

The authors conclude that in considering the 
etiology of transient cerebral blindness the possible 
direct effects of contrast medium cannot be denied, 
but these 4 reported cases and those found in the 
literature suggest a strong relationship to mechanical 
catheter obstruction of a vertebral artery. They state 
that careful study of the preliminary arch aortogram 
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is probably the best method to avoid inadvertent 
catheterization of the vertebral artery.—Donald N, 
Dysart, M.D. 


Ditence, D., Fiscuacorp, H., and Davin, M. 
sémiologie de l'ophtalmique aprés soustrac- 
tion: aspects normaux et pathologiques. 

d diagnosis with subtraction: 
normal and pathologic aspects.) £n. med., 
Barcelona, 1963, No. 4, 145-157. (Address: 
Prot. H. Fischgold, Service de Neuro-radi- 
ologie de l'Hópital de La Pitié, Paris, France.) 





With the usual arteriographic techniques it is 
difficult to see vessels in the orbit less than 0.8 mm. in 
diameter. By means of subtraction, vessels down to 
less than o.§ mm. in diameter may be visualized. 

With the aid of subtraction technique deformity of 
vessels produced by tumors, tumor vessels, vascular 
malformations, and the collateral flow from the 
external carotid artery may be demonstrated.-— 
Charles M. Nice, Tra M.D., PAD. 


NECK AND CHEST 


Sroker, D. J. Histoplasmosis in Cyprus: re- 
port of two cases. Brit. M. T., Sept. 26, 1964, 
2, 793-795. (Krom: Metabolic Unit, St. 
Mary’s Hospital, Paddington, London, Eng- 
land.) 


More than half the cases of histoplasmosis reported 
outside North America have been in Central and 
South America. Other principal endemic areas in- 
clude Africa and the Far East (Phillipines, Indonesia 
and Australia). The disease is rather rare in Great 
Britain with only 6 case reports from 1906 to 1955, 
compared to an estimated 24 to 30 million people in 
the United States who have experienced some form of 
Histoplasma infection. Studies in England, Greece, 
Turkey and Cyprus show approximately 2 per cent 
positive reactors to the histoplasmin skin test. No 
previous case of histoplasmosis occurring in Cyprus 
has been published. 

The present report deals with 2 British subjects, 
resident in Cyprus, who developed acute diffuse 
pulmonary histoplasmosis, with rather characteristic 
miliary parenchymal lesions demonstrated roent- 
genographically. In 1 patient there was a complicat- 
ing encephalitis, Both patients were members of a 
party visiting a labyrinth in the ancient Roman 
Settlement of Curium. While in the cave, each pa- 
tient handled a bat. Evidently the bat excreta to- 
gether with the warm moist atmosphere of the cave 
provided ideal conditions for saprophytic mycelial 
growth of the fungus.— David Corbett, M.D. 


ScuoBER, R. Selektive Bronchialisarterio- 
graphie. (Selective bronchial arteriography.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen u. d. 
Nuklearmedizin, Oct., 1964, 70/4, 337-348. 
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(Address: Oberarzt des Universitatsstrahlen- 

institutes, 665 Homburg/Saar, Germany.) 

The blood supply in the lungs is composed of the 
pulmonary arteries or functional system, the bron- 
chial arteries or nutritive element, and numerous 
precapillary broncho-pulmonary anastomoses. Vir- 
chow showed that closure of a pulmonary branch was 
followed by dilatation and an increase in number of 
bronchial arteries in the affected area. Variations of 
this process occur in congenital heart disease, such as 
pulmonary stenosis or atresia and in transposition of 
the great vessels, but also in acquired mitral stenosis. 

By means of selective bronchial arteriography, 
much more detailed information can be gained about 
many diseases that involve the lungs. In tuberculosis, 
the bronchial arteries form a network around the 
caseous focus and the corresponding pulmonary 
arteries become thrombosed. Recanalization of the 
latter takes place via broncho-pulmonary anasto- 
moses, The bronchial arteries are responsible for the 
liquefaction of the caseous material. In bronchiecta- 
sis, chronic pneumonia or lung abscess, the peribron- 
chial arteries become thicker and more abundant, 
partly because of an increase in precapillary anasto- 
moses with branches of the pulmonary arteries. In 
pulmonary emphysema, the vessels are decreased in 
width and number. Ín carcinoma, the bronchial 
circulation forms a thick network in which individual 
vessels are irregularly arranged and show consider- 
able variation in caliber; the pulmonary arteries 
assume a more passive role and become partially 
occluded. 

The technique consists of inserting a catheter 
(Type Kifa red) through the femoral artery and 
advancing it in contact with the anterior wall of the 
aorta until the desired level is reached. This is a 
matter of experience but when the bronchial artery is 
entered, a mild cough reflex is produced in most 
patients, especially if a check is made at that time 
with an injection of 2-3 cc. of the contrast material. 
Should an intercostal artery be entered, the patients 
generally experience a feeling of warmth in the back. 
An injection of § cc. of urografin 60 per cent is ade- 
quate for this investigation. The only contraindica- 
tion to the method is a specific sensitivity of the 
patient to the contrast medium.—7. Zausner, M.D, 


Tourniaire, A, Bium, Jọ, TartuLER, M., 
and DgvniEgvx, F. Coeur pulmonaire chroni- 
que sclérodermique. (Sclerodermic chronic 
cor pulmonale.) Presse méd., Sept., 1964, 72, 
2269-2272. (From: Service de Cardiologie et 
Laboratoire d’Exploration fonctionnelle 
cardiopulmonaire, Hôpital Saint-Joseph, 
Lyon, France.) 

Pulmonary complications of scleroderma have 
been described late in the last century. The incidence 
has been variously reported by different authors. In a 
series of 31 cases (Piper and Helwig, 1955) pulmo- 
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nary fibrosis occurred in 25. More recently (1961), 
Tuffanelli and Winkelman found an incidence of 24 
per cent in a series of 550 patients with scleroderma. 
Rubin (1956) believes that pulmonary scleroderma 
mav occur without cutaneous scleroderma. Unfortu- 
natelv, the diagnosis of primary pulmonary sclero- 
derma cannot be readily confirmed because of the 
absence of characteristic histologic findings or diag- 
nostic criteria, 

Pulmonary function studies demonstrate an alter- 
ation or decrease of pulmonary ventilation, and a 
limited or decreased capacity of the alveolar-capil- 
lary diffusion. Other workers report pulmonary 
arterial hypertension as a significant finding. 

Frequently, a roentgenologic examination of the 
chest reveals a diffuse reticular-nodular type of infil- 
tration, more prominent in the lower lung fields. 
However, often pulmonary sclerodermic fibrosis may 
be present without being roentgenologically demon- 
strable and is severe enough to interfere with alveo. 
lar-capillary diffusion and pulmonary circulation. 
Consequently, the diagnosis will be made on the basis 
of pulmonary function studies, a study of hemo- 
dynamics and a pulmonary biopsy. 

The authors present a case of chronic sclerodermic 
cor pulmonale in which respiratory functional and 
hemodynamic studies were made with biopsy confir- 
mation. They stress the fact, illustrated in this rare 
case which they report, of the necessity of performing 
multiple examinations before a diagnosis can be 
established. However, they also stress the fact that 
the most important single test is the determination of 
the diffusion capacity. Thus, a disturbance of pulmo- 
nary diffusion may precede hypoxemia. This test 
then permits diagnosis of early sclerodermic pulmo- 
nary involvement and should be part of a routine 
examination in all cases of cutaneous scleroderma.— 


William H. Shehadi, M.D. 


Litticrap, Davip, and Presowicz, ALINA. 
Mitral stenosis and systemic emboli. Brit. 
M. F., Nov. 7, 1964, 2, 1169-1171. (Address: 
Mr. Lillicrap, Senior Registrar, Guy’s Hos- 
pital, London, England.) 


A 3 year follow-up was done on 84 mitral valvot- 
omy patients over the age of 40. The immediate 
mortality rate was 6 per cent with an additional § per 
cent occurring during each succeeding year. Of those 
patients who had not experienced preoperative 
embolic phenomena, 48 per cent had good results 
(determined by improvement of exercise tolerance); 
of those who had preoperative emboli, only 27 per 
cent achieved good results. 

Thirty-four patients had significant mitral incom- 
petence which led to unsatisfactory results or death. 
Six patients had further emboli at operation and 4 
more had emboli during the follow-up period. 

The occurrence or threat of emboli is not sufficient 
reason to perform mitral valvotomy; long-term anti- 
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coagulant therapy is suggested.—-Lois Cowan Collins, 
M.D. 


ABDOMEN 


Votimer, K. Carcinoma of the duodeno- 
jejunal flexure. German Med. Monthly, Oct., 
1964, 9, 401—402. (Address: Strahlenabteilung 
des Krankenhauses "Maria Hilf," Mónchen- 
gladbach, Germany.) 


Although tumors of the small bowel are the least 
common of all tumors of the gastrointestinal tract, 
they are generally found in the region of the ieum. 
Carcinoma of the duodenum is distinctly rare; and 
the incidence decreases progressively with increas- 
ing distance from the pylorus. There have been 
numerous reports of carcinoma of the stomach, pan- 
creas and other surrounding structures invading the 
duodenum and upper jejunum, but even large radio- 
logic reference texts fail to mention primary carci- 
noma of the duodeno-tejunal flexure. 

The author presents a case of carcinoma of the 
duodeno-jejunal flexure which was diagnosed pre- 
operatively on an upper gastrointestinal examination 
and completely excised at the time of surgery. Most 
of the previously reported cases were already inoper- 
able when found, usually at laparotomy for intestinal 
obstruction. 

'The author states that by examining the patient in 
the oblique and head down position with the use of 
compression to displace the stomach, this area can be 
adequately visualized fluoroscopically during a 
barium meal study. If adequate visualization still 
cannot be obtained, then the examination may be 
performed by projecting through the stomach after 
first filling it with air. When a lesion is suspected, 
several spot roentgenograms should be taken because 
delicate changes in the bowel wall may easily be 
overlooked at fluoroscopy.— Kenneth. M. Nowicki, 
M.D. 


Revert, WALTER, P., JR, and ANDERSON, 
ARTHUR A. Retrograde jejunogastric intus- 
susception. Surg. Gynec. & Obst., Dec., 1964, 
J10, 1305-1311. (From: Department of 
Surgery, Newington Veterans Administra- 
tion Hospital, Newington, Conn., and Hart- 


ford Hospital, Hartford, Conn.) 





Retrograde jejunogastric intussusception is a rare 
complication of gastroenterostomy or gastric resec- 
tion. Either the afferent or efferent Jejunal loops, or 
both, may intussuscept into the stomach. 

In the acute form the onset is usually marked by 
severe, sudden epigastric pain and hematemesis. 
Physical examination reveals epigastric tenderness 
and sometimes visible peristalsis. Roentgenographi- 
cally, gastric dilatation without dilatation of the 
small intestine is suggestive of this disorder. Immedi- 
ate contrast studies should be done to make an early 
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preoperative diagnosis. In a patient with a previous 
gastrojejunostomy, a partially movable circum- 
scribed filling defect in the stomach with curved lines 
simulating intestinal folds indicates retrograde intus- 
susception. Other roentgen signs are dilatation of the 
gastric remnant, delay in emptying, flattening of the 
greater curvature, edema, and displacement of the 
antrum toward the right. Emergency surgical inter- 
vention is imperative in the acute cases. 

In the chronic state, the intussuscepted mass 1s 
usually smaller and often is self-reducing, particu- 
larly when the patient is erect. Many patients with 
chronic intussusception do not require surgical inter- 
vention, but it is indicated when a patient is severely 
disabled or malnourished as a result of frequent 
attacks.— Lois Cowan Collins, M.D. 


Portmany, J]. Angiographische Gróssenbestim- 
mung der Sigma- und Rektum-Karzinome. 
(Angiographic determination of the extent of 
carcinomas of the sigmoid and rectum.) 
Fortschr. a. d. Geb. d. Róntgenstrahlen u. d. 
Nuklearmedizin, Sept., 1964, 701, 246-252. 
(Address: Réntgenabteilung Knappschafts- 
krankenhaus, 425 Bottrop/Westfalen, Ger- 
manv.) 


A knowledge of the vascular anatomy of this re- 
gion is essential. The sigmoid is supplied by branches 
of the inferior mesenteric artery (the sigmoid arteries 
and the superior rectal artery), which arises from the 
aorta at the level of L3-L4. The rectal ampulla is 
supplied by the inferior rectal artery and branches of 
the internal iliac (the pudendal and both the superior 
and inferior vesical arteries) with some anastomoses 
from the superior rectal artery. 

The technique consists of bilateral femoral injec- 
tion with urografin 60 per cent manually with a 
steady and quick motion, using 20 cc. of the contrast 
medium which is introduced via a Seldinger catheter 
(PE. 205) reaching above the bifurcation of the aorta 
or approximately a distance of 25-27 cm. A small 
amount of air is instilled sufficient to distend the 
distal portion of the colon. Koentgenograms are 
taken with an automatic cassette changer every 
second for 10 seconds; one series is taken in the ante- 
roposterior projection; another series is obtained in a 
30° obliquity for "bi-planar" visualization. The only 
preparation necessary is a mild sedative and local 
anesthesia, 

The exact extent of the neoplastic involvement 
was fully corroborated by surgery in 3 of § cases. In 
the other 2 patients, angiographic studies indicated 
the inoperability of the invasive tumors. As in other 
areas, neoplasms are identified by the tumor “stain- 
ing," so that observation of the venous phase is im- 
portant. The extent is more easily determined in 
lesions of the sigmoid than those of the recto- 
sigmoid.—f. Zausner, M.D. 
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HorraNp, James M., Hastam, Rosert A. H., 
and Kinc, LoweLL R. Meconium in the 
processus vaginalis of infants. 7. Urol., Aug., 
1964, 92, 140-145. (From: Brady Urological 
Institute and Harriet Lane Home for Invalid 
Children of the Johns Hopkins Hospital, and 
Urology and Pediatric Services of Baltimore 
City Hospitals, Baltimore, Md.) 


Radiologists are familiar with the punctate calcifi- 
cations which occur within the peritoneal cavity 
associated with meconium ileum. 

In this article the authors report § cases of this 
entity in which the meconium found its way into the 
scrotum through the processus vaginalis. On roent- 
genologic examination of these infants, there were 
stippled calcifications in the abdomen and in the 
scrotum. 

Marked swelling of the scrotum 1s due to the sterile 
inflammatory reaction produced by the irritating 
effect of the meconium with subsequent calcification 
and fibrosis. The calcification is quite different from 
that which is seen in some testicular tumors or from 
other causes. 

The authors include 6 illustrations which show the 
roentgen, gross pathologic, and histologic findings.— 
George W. Chamberlin, M.D. 


Brown, KENNETH A., SravBiTZ, WirLtaM J. 
OBERKIRCHER, Oscar f., and NIESEN, 
WitLLiAM C. A review of retroperitoneal 
fibrosis. 7. Urol., Oct., 1964, 92, 323-330. 
(From: Department of Surgery, Division of 
Urology, Buffalo General Hospital; Ed- 
ward J. Meyer Memorial Hospital; and De- 
partment of Surgery, Division of Urology, 
State University of New York at Buffalo, 


Buffalo, N. Y.) 


The authors report 4 additional cases of retroperi- 
toneal fibrosis and review from the literature 71 cases 
with the express purpose of offering a surgical ap- 
proach, which has proven valuable for bilateral dis- 
ease, and to possibly expose a common etiologic 
factor. 

Ketroperitoneal fibrosis is a disease of unknown 
etiology. It is frequently bilateral and somewhat 
more common in men than in women. The gross 
pathology of the tissues surrounding the ureters 
appears as a grayish-white fibrous plaque which may 
extend from the renal hilus to the bladder and may 
be from a few millimeters to several centimeters in 
thickness. It is adherent to the posterior peritoneum 
but usually does not invade the muscle and can be 
easily stripped at a cleavage point. Microscopically, 
the involved tissue is found to be composed of col- 
lagen fibers, inflammatory cells, fibroblasts, fat cells, 
eosinophils, and mononuclear cells with occasional 
foreign body giant cells. 
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Clinically, the first symptoms usually consist of a 
vague, dull pain in the lumbar region which may 
radiate into the groin. Gastrointestinal complaints of 
vomiting, diarrhea, anorexia, fatigue, and weight loss 
may occur. A few patients have complained of swell- 
ing of the legs. The main neurologic complaint 1s 
oliguria or anuria. On physical examination, one may 
palpate an enlarged tender kidney. Laboratory 
studies show little significant abnormality unless the 
obstruction is bilateral in which case an elevated 
blood urea nitrogen may occur. 

Roentgenographic examination in the early stages 
may fail to disclose the nature of the disease. Positive 
roentgen findings are those of periureteral obstruc- 
tion with displacement of the ureter toward the mid- 
line, hydronephrosis to the point of nonfunction, and 
occasionally some obliteration of the normal retro- 
peritoneal fat lines. Such findings are suggestive and 
must be differentiated from other types of retroperi- 
toneal neoplasm. The final diagnosis is confirmed 
only by biopsy and histologic study. 

The authors recommend a long surgical excision 
extending from the xiphoid to the symphysis pubis. 
After immobilizing the right and left colon, the retro- 
peritoneal periureteral structures can be exposed and 
ureterolysis can be performed. The patients are also 
treated with antibiotics and corticosteroids although 
there is little evidence that this medication is of any 
value. Recurrence of obstruction may develop. The 
disease should be recognized as a bilateral lesion and 
unilateral nephrectomy should be avoided. Spontane- 
ous regression of the process 1s a possibility. 

The authors present 1 table and 4 figures including 
pyelograms and histologic evidence of the nature of 
the disease.—George W. Chamberlin, M.D. 


GENITOURINARY SYSTEM 
AMPLATZ, Kurt. Assessment of curable reno- 
vascular hypertension by radiographic tech- 
nics. Memorial Fund Lecture. Radiology, 
Nov., 1964, $3, 816-829. (From: Department 
of Radiology, University of Minnesota Hos- 
pitals, Minneapolis, Minn.) 


During the past 10 years, there has been an in- 
creasing interest in the roentgenographic diagnosis of 
renovascular hypertension and the reported cure rate 
definitely Justifies surgical repair in carefully selected 
patients. To aid in the careful selection of patients for 
surgery it is the author's purpose to emphasize two 
important roentgenographic techniques-—aortogra- 
phy combined with pressure measurements and with 
the urea washout test-—both of which assess physio- 
logic alterations associated with curable renovascular 
hypertension. 

The currentiy recognized curable types of unilat- 
eral renal lesions include arterial stenosis of the main 
renal artery or smaller arteries, segmental infarction, 
atrophic pyelonephritis, perirenal fibrosis, subcapsu- 
lar hematoma, or renal artery aneurysms with partial 
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thrombosis. The common denominator of such a 
diverse group of lesions seems to be either a reduction 
in blood flow or decreased pulsations of the renal 
artery arborizations. 

Aortography is a highly effective means of demon- 
strating anatomic lesions likely to produce renal 
hypertension, but it should be kept in mind that the 
above lesions may be found in normotensive patients 
and in those with essential hypertension. Therefore, 
the hemodynamic significance of renal artery nar- 
rowing is difficult to assess angiographically unless 
collateral vessels or a delaved flow of medium can be 
visualized. Any questionable area of narrowing 
should be assessed by pressure measurements, both 
distal and proximal to the area of narrowing witha 
gradient usually in excess of 40 mm. Hg in curable 
disease. The technique is described and its impor- 
tance is exemplified by several cases of renal artery 
narrowing which were hemodynamically insignifi- 
cant. 

The important functional alterations in curable 
renovascular hypertension are a decreased flow of 
urine and hyperconcentration of the contrast me- 
dium on the involved side. This is the direct result of 
decreased vascular supply allowing a decreased rate 
of filtration and greater reabsorption of water and 
sodium. These functional characteristics are best 
visualized by intravenous pyelography and subse- 
quently induced diuresis with a urea and saline solu- 
tion. Several typical positive tests are presented and 
the rare false positive is discussed. The urea washout 
test is in essence a roentgenographic Howard test 
which should be a part of routine hypertension 
pyelography. 

The author justifiably emphasizes that no longer 
can the vascular radiologist limit himself to the 
demonstration of vascular anatomy. The great goal 
of modern cardiovascular radiology hes not only in 
the exact demonstration of vascular anatomy but 
also in the assessment of hemodynamics and func- 
tion.— ward B. Best, M.D. 


Poszvek, H., and Sgvss, R. Zur Technik der 
Pyelographie. (The technique of pyelogra- 
phy.) Röntgen Blatter, Nov., 1964, 77, 4937 
499. (Address: Dr. med. H. Poszvek, Chir. 
Abtlg. des a. 6. Krankenhauses, Neunkirchen, 
Austria.) 


The method employed by the authors 1s designed 
to provide more detailed information concerning the 
contours of the renal pelvis as well as the calyceal 
system than can be obtained by conventional urogra- 
phy. The technique is as follows: 

1. A preliminary roentgenogram of the abdomen is 
taken. 

2. Intravenous urography is performed in the 
usual manner. 

3. Through a sterile syringe, 10 cc. of air (filtered 
through a 10 cm. thickness of absorbent cotton) is 
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injected into a ureteral catheter. Uniform distribu- 
tion of the air throughout the renal pelvis is assured 
by altering the position of the patient from the 
Trendelenburg position to an erect position. 

4. Fluoroscopic control is optional. 

5$. From 5$ to to cc. of 20 per cent Joduron is then 
injected into the renal pelvis. 


In a case of acute pyelonephritis, intravenous 
urography showed some delay in filling of the collect- 
ing system and irregular contours of a slightly dilated 
renal pelvis. The retrograde, double contrast method 
demonstrated filling defects typical of papillary 
necrosis as well as tiny ulcerations and erosions of the 
mucosa of the renal pelvis. 

Among the disadvantages of the method are that 
the air bubbles may lead to confusion, but experience 
will enable the examiner to clarify the situation. Only 
those tumors which are adjacent to the renal pelvis 
can be identified by the retrograde study. Calcul: are 
better demonstrated in a pelvis filled with contrast 
medium.— 7. Zausner, M.D. 


FRIEDENBERG, Marvin fF. and Caruin, M. 
Ricuanp. The routine use of higher volumes 
of contrast material to improve intravenous 
urography. Radiology, Sept., 1964, $3, 405- 
413. (From: The Edward Mallinckrodt 
Institute of Radiology, $10 South Kingshigh- 
way, St. Louis to, Mo.) 


In a study to improve intravenous urography, the 
authors evaluated the routine use of higher volumes 
of contrast medium based upon the patient's body- 
surface area, instead of the routine 30 ml. currently 
used for all adults, regardless of size and weight. The 
quantity injected varied from 3o ml. for a body- 
surface of less than 1.30 m.? to 100 ml. for a body- 
surface area of over 2.40 m.? A total of 867 intra- 
venous urographic examinations were performed in 
783 patients. Eighty patients had both standard- 
volume and high-volume urography, thus serving as 
their own controls. No attempt was made to investi- 
gate the relative value of high volumes versus high 
concentration of contrast medium, nor a single versus 
divided doses. 

The authors conclude that the use of higher vol- 
umes of contrast material improves the quality of 
intravenous urograms significantly. The frequency of 
excellent and good urograms is increased from about 
65 per cent in standard.volume examinations to 
about 9$ per cent in high-volume studies. The tech- 
nique is justified, because it greatly increases the 
diagnostic accuracy of the examination and reduces 
the need for retrograde pyelography with its attend- 
ant hazards. The frequency of side-effects is slightly 
increased, but these are minimal in degree and well 
tolerated.—Glenun W. Pett, M.D. 


ABRAMS, Herperr L., Baum, SrANLEY, and 
SrAMEY, Tuomas. Renal venous washout 


Vot. 93, No. 3 


time in renovascular hypertension. Radiology, 

Oct., 1964, 83, 597-609. (From: Department 

of Radiology, Stanford University School of 

Medicine, 300 Pasteur Drive, Palo Alto, 

Calif.) 

The conventional approaches to the problem of 
renovascular hypertension have included urography, 
isotope renography, renal arteriography, and split 
function studies. Herein is presented a study of the 
renal venous flow pattern in patients with hyperten- 
sion which the authors choose to call the “washout 
time" and is defined as the total elapsed time from 
the onset of injection of contrast medium into the 
renal vein to its disappearance. Presented are the 
first 40 patients in whom cine renal venography was 
performed. 

An Odman vellow opaque polyethylene catheter, 
with a precurved tip, was placed in the right femoral 
vein percutaneously, advanced into the inferior vena 
cava and placed first in the left renal vein. There- 
after, 15 cc. of 76 per cent renografin was injected by 
hand or with a pressure injector in approximately 
three-quarters of a second and cinerecording on 34 
mm. film obtained. Immediately following, the right 
kidney was studied in an identical fashion. The pa- 
tients varied in age from 21 to 67 years with an aver- 
age age of 45. Systolic blood pressures varied from 
140 to 260 with the diastolic varying between go and 
170. Urograms and arteriograms were obtained in all 
patients, and split function studies in 32. The cine 
renal venograms were compared with the arterio- 
graphic findings and with the renal plasma flow and 
glomerular filtration rate. 

In patients without evidence of significant main 
renal artery obstruction, the renal venous washout 
time varied between 1.25 and 3.0 seconds. In only 1 
case was it above 3 seconds when there was no evi- 
dence of stenosis of the main renal arteries, severe 
arteriolar nephrosclerosis, or diminished renal plasma 
flow. In a small number of cases without hyperten- 
sion, studied for other reasons, renal venous washout 
times were comparable. 

The renal venous washout time reflects the rate of 
blood flow through the kidney and is related to the 
presence of significant renal artery stenosis and to the 
renal plasma flow. With stenosis of less than so per 
cent, the average time was virtually the same as with 
no stenosis at all, że., 2.3 seconds. With £o to 8o per 
cent stenosis, the average washout time was above 3 
seconds. When stenosis of 8o per cent or more was 
present, the average washout time was 8.1 seconds, 
and no time less than 6 seconds was noted. Differ- 
ences in washout times between the two kidneys 
correlated well with differences in urine production 
and para-amino-hippuric acid concentration. 

Therefore, the renal venous washout time furnishes 
supporting evidence of the importance of a stenotic 
lesion of a renal artery in hypertension, and the 
extent to which it is of dynamic significance, With 


Abstracts of Radiological Literature 


PE 


significant. renal artery stenosis and reduction in 
renal blood flow, the washout time is usually pro- 
longed. In the absence of significant renal artery 
stenosis, the washout time may be prolonged when 
there is profound arteriolar nephrosclerosis and a 
consequent diminution in renal plasma flow. The 
application of renal cine venography to the clarifica- 
tion of operability of a stenotic lesion as well as the 
limitations of the technique are discussed and illus- 
trated.—- Howard R. Stewart, M.D. 


Saint-Yves, [an F. M, Problems associated 
with the diagnosis of solitary kidney: con- 
genital or acquired? Brit. Y. Urol, Sept., 
1964, 36, 347—353. (Address: Angau General 
Hospital, Lae, New Guinea.) 


The incidence of congenital, solitarv kidney varies 
from 1:500 to 1:1,:00 according to different authors. 
The sex incidence is almost equal. There is a distinct 
predominance of renal agenesis on the left side. Fail- 
ure in development presents with an absence of the 
kidney and ureter on the affected side, usually with 
associated nondevelopment of the ipsilateral side of 
the trigone of the bladder. There is absence of the 
adrenal gland in approximately 25 per cent of cases, 

Renal agenesis must be differentiated from: (1) 
renal aplasia, in which the ureter is present in whole 
or in part; (2) crossed, fused renal ectopia; and (3) 
unilateral renal atrophy. 

In each of the 3 cases presented, there was non- 
function of the left kidney by intravenous pyelogra- 
phy and there was poor definition of the renal outline. 
The classic cystoscopic appearance was absence of 
the bladder trigone on the affected side and absence 
of the ureteric orifice. In 1 case, aortography revealed 
absence of renal arteries on the affected side. The 
solitary, functioning. kidney showed compensatory 
hypertrophy. A case of marked atrophy of the kidney 
secondary to tuberculosis is presented to illustrate 
the problems in differential diagnosis.-— David 
Corbett, M.D. 


LINDNER, A., and Scnramm, W. Renal calyceal 
diverticula: their importance in the differ- 
ential diagnosis of renal disease. German Med. 
Monthly, Oct., 1964, 9, 414-416. (Address: 
Dr. A Lindner, Urologische Abteilung des 
Allgemeinen Krankenhauses, Hagen, Ger- 
many.) 


Calyceal diverticula of the kidney are defined by 
the authors as hollow spaces in the general paren- 
chyma lined by transitional epithelium, which have 
their own supply of collecting tubules and communi- 
cate with the renal calyx through a fine connecting 
channel. On the pyelogram they appear sharply 
defined, smooth-walled, containing deposits of con- 
trast medium, often with a fine channel connecting 
them to the calyx. They must be differentiated from 
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a solitary cyst of the kidney, which on a pyelogram 
usually does not fill with contrast material. 

Hydrocalyx and tuberculous cavitation also enter 
into the differential diagnosis. In hydrocalyx, the 
calyx itself is enlarged, whereas in calyceal diver- 
ticula the calyx is of normal size and shape. Tuber- 
culous cavities are often irregular and blurred in out- 
line in contrast to calyceal diverticula which are 
sharply defined and smooth in contour. Tuberculous 
cavities also exhibit delayed and uneven filling. 
Examination of the urine usually helps in the differ- 
entiation; while normal in calyceal diverticula, it 
shows pyuria, albuminuria, and often microscopic 
and gross hematuria in the presence of tuberculous 
cavities, Cultures and animal innoculations provide 
the final answer. 

Calyceal diverticula generally do not produce any 
referable symptoms, except when concretions form in 
their lumen, giving rise to diverticular colic. They are 
almost always an incidental finding, usually diag- 
nosed during a routine pyelographic study. 

The authors add 8 of their own cases to the litera- 
ture, stressing the fact that this entity should not be 
misdiagnosed as renal tuberculosis.— Kenneth M. 
Nowicki, M.D. 


Riev, J. M., and Hanaree, W. Transaxillary 
renal angiography. J. Urol., Aug., 1964, 92, 
148-152. (From: Department of Radiology, 
University of California Center for the 
Health Sciences, Los Angeles, Calif.) 


Percutaneous transfemoral arterial catheterization 
for the demonstration of the renal arteries 1s a com- 
monly used technique because of its ease of perform- 
ance, reliability, and low incidence of complications. 
However, in a small number of cases an alternate 
approach is desirable particularly in those individuals 
who have occlusive disease of the iliac vessels or aorta 
with or without aneurysms. In these instances, the 
authors recommend the use of percutaneous cathe- 
terization of the left axillary artery since occlusive 
disease of the upper extremities 1s much less common 
than in the lower extremities. 

The left axillary artery is punctured high in the 
axilla and the Seldinger needle is inserted. This is 
slightly more difficult than femoral puncture, but itis 
easier than brachial artery puncture at the elbow. 
The left axillary artery is used because it 1s difficult 
to catheterize the descending aorta from the right 
side. À flexible guide is introduced under image inten- 
sified fluoroscopic control and an attempt made to 
pass the guide wire into the descending thoracic 
aorta. In instances in which this cannot be accom- 
plished, the left shoulder is elevated and abducted. A 
two-catheter system is employed. One is a small 
polyethylene curved-end catheter which is inserted 
into a larger straight-end polyethylene catheter. In 

ases in which the guide wire does not pass readily 
into the descending aorta, the catheters are inserted 
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over the guide and are passed to the aortic arch. With 
the guide wire slightly withdrawn, the curved end of 
the smaller inner catheter is then directed posteriorly 
and guided into the descending aorta. This is usually 
accomplished best with the patient in the left ante- 
rior oblique position. After the guide and the inner 
curved catheter have been removed, the end of the 
larger catheter is placed at the level of the 2nd lum- 
bar vertebra. This catheter has an end hole and three 
side holes. Radiopaque substance is then injected 
with a pressure of $ kg. per cm.*. Injection is done 
while the patient is performing the Valsalva ma- 
neuver, It is important to check the position of the 
end of the catheter before injection to make sure that 
it is not in one of the branches of the aorta. In some 
instances selective renal arteriography may be per- 
formed by re-inserting the small curved catheter and 
placing it in the orifice of the renal artery. In such 
instances, recordings of arterial pressures and gradi- 
ents may be taken. Serial roentgenograms may be 
made in the erect or horizontal posture and various 
positions as indicated. 

Following removal of the catheters, it is important 
to apply pressure over the brachial artery for at least 
15 minutes without suppressing the radial pulse. The 
patient should then keep the arm motionless for at 
least 3 hours and with restricted motion for 24 hours. 
Vigorous motion of the upper extremity should be 
avoided for several days. A hematoma occurring at 
the site of the needle puncture is more common with 
this procedure than it is with femoral punctures and 
in some instances may represent a serious complica- 
tion. 

The authors include 8 figures to illustrate the value 


Werpner, WirLiAM, Ritey, Joun, and HANA- 
FEE, Witttam. Angiographic evaluation in 
renal transplantation. Radiology, Oct., 1964, 
83, 579-586. (From: Department of Radi- 
ology, UCLA Center for the Health Sciences, 
Los Angeles, Calif. 90024.) 


'The authors emphasize the role of angiography in 
selecting. potential kidney donors and evaluating 
recipients before and after renal transplantation. 
Unsuspected vascular abnormalities in the donor or 
recipient can require modification of the surgical 
procedure or rejection of a prospective donor. 

Angiography techniques of examination can be 
divided into three groups: aortography for prospec- 
tive donors, vena cavography for the candidates for 
renal transplantation and pelvic arteriography in the 
postoperative period to visualize the arterial anasto- 
mosis in the recipient. Aortography was performed 
by the percutaneous technique via the femoral or left 
axillary artery, using a double catheter. Pressure 
injection of 35 cc. of 75 per cent hypaque was made 
with the Gidlund injector at 4 kg./cm. Films were 
exposed at a rate of 3 per second for 2 seconds, 1 per 
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second for 3 seconds, and a delayed film at 10 sec- 
onds. Developmental variations, fibromuscular hy- 
perplasia, renal artery stenosis, renal artery aneu- 
rysm and atheromatous plaque formation at the 
ostium of the renal artery may be detected. 

Vena cavography was also performed by the 
percutaneous catheter technique, whenever the 
recipient gave a history of recurrent thrombophlebi- 
tis or occlusive venous disease in the lower extremi- 
ties, Bilateral simultaneous injections were done to 
delineate the pelvic veins more clearly than a single 
injection, using a larger catheter with a higher pres- 
sure, Selective renal venography was carried out 
where renal artery thrombosis was a possibility in the 
recipient. 

Eighteen renal transplantations were performed at 
the University of California Center for the Health 
Sciences at Los Angeles since 1957. Some of the prob- 
lems encountered in the donated kidnevs include 
multiple renal arteries, small renal arteries, early 
bifurcation of single renal arteries and fibromuscular 
hyperplasia. Recipients of transplants have had 
problems such as atheromatous disease in the inter- 
nal iliac artery, pelvic endophlebitis, and anomalies 
of the pelvic veins. 

Multiple renal arteries were found in 23.8 per cent 
of the subjects studied ünc cerno cado and the 
anatomic incidence of multiple renal veins was 14.4 
per cent. Angiographically, the average lengths of the 
left and right renal arteries were 42 and 47 mm,, 
respectively, with a range of 18 to 130 mm. The 
minimal acceptable length of the renal artery for 
successful anastomosis has been set at 20 mm. 

Occasionally, preoperative aortography may be 
indicated in the recipient, particularly if there is any 
evidence of aorto-iliac disease. Postoperative pelvic 
arteriography is sometimes necessary to evaluate the 
arterial anastomosis.—/4. W. Sommer, M.D, 


Beres, JoserH A., ZBoraLsKE, F. FRANK, 
Witson, Sruarr D., and AMBERG, Jonn R. 
Percutaneous transrenal venography in ex- 
perimental renal vein obstruction and human 
renal vein thrombosis. Radiology, Oct., 1964, 
33, §87~596. (From: Divisions of Medicine 
and Radiology, Milwaukee County Hospital, 
Milwaukee 13, Wis.) 


This report attempts to set forth the experimental 
basis for the development and application of percu- 
taneous transrenal venography. The renal venous 
circulation, including collateral drainage, is reviewed 
and correlated with the venographic observations of 
partial and complete renal vein occlusion. 

Fifteen dogs were studied in various stages of 
unilateral renal vein occlusion utilizing the renal 
approach as described by Muehrcke. The technique 
for this study employs a 15-gauge Rochester plastic 
needle, § cc. $o per cent sodium diatrizoate, and a 
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serial film changer. The tip of the needle is placed 
into the renal parenchyma. 

Renal vein occlusion, partial or complete, causes 
vascular engorgement and permits opacification of 
the renal and/or perirenal venous complex. There- 
fore, the site of renal vein occlusion and/or collateral 
venous circulation is demonstrated, Even though the 
renal vein should not be opacified, the demonstration 
of tortuous and dilated collateral vein(s) is evidence 
of renal vein. thrombosis. It was also noted that 
aspiration of blood is difficult in the absence of in- 
creased venous pressure and injection of the contrast 
medium, therefore, is directly into the parenchyma, 
Direct injection into renal parenchyma does not 
appear unduly hazardous, resorption 1s prompt, and 
a histologic review shows only minimal localized and 
organized fibrosis. Caution is indicated, however, 
against larger volume and excessive pressure injec- 
tions to avoid rupturing a swollen kidney. The value 
of a pre-examination excretory pyelogram, and par- 
ticularly the retrograde pyelogram, 1s emphasized. 

The case records of 2 patients in whom percutane- 
ous transrenal venography was performed are pre- 
sented. Results in each case correlated positively 
with the operative findings. 

The contraindications for this procedure appear to 
be limited to a bleeding tendency and sensitivity ta 
the contrast material —~Fohn Bond, M.D. 


Garnett, E. S. A trial of the radioisotope reno- 
gram. Brit. 7. Urol., Sept., 1964, 36, 332-339. 
(From: Department of Medicine, Charing 
Cross Hospital Medical School, Fulham 


Hospital, London, England.) 


The author begins with a discussion of the inter- 
pretation of the normal hippuran I9! renogram. The 
first phase is explained by rapid accumulation o 
hippuran by the tubule cells and its transfer into the 
tubule lumen. The importance of tubular uptake and 
transfer in this phase has been confirmed by several 
experimental studies. The second phase represents 
continued tubular accumulation of hippuran, the 
slope of the curve being less than in the first phase 
because of the fall in hippuran concentration in the 
blood after the first minute. The peak of the reno- 
gram depends on 4 factors: (1) renal blood flow which 
determines the rate at which the isotope is presented 
to the nephrons, (2) the number of functioning 
nephrons, (3) the ability of the nephrons to transport 
the isotope, and (4) the rate of elimination of the 
isotope from the nephrons. The third phase begins 
when the rate of elimination of the isotope from the 
tubules exceeds the rate of accumulation. The slope 
of the phase depends on several factors including 
blood flow and the patency of the ureters. 

The experimental portion of the article consists of 
correlations of blood flow, measured by endogenous 
creatinine clearance, as related to the ratio of the 
height of the tracing 12 minutes after injection to the 
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peak height of the tracing. Results showed a signifi- 
cant relationship between the ratio (rate of fall of the 
third phase of the renogram) and the rate of clear- 
ance of creatinine, The rate of fall was shown to bean 
inverse linear function of the clearance rate. Since the 
clearance rate reflects blood flow, the results strongly 
suggest that the rate of fall of the third phase is also a 
function of the renal biood flow. 

Twenty-seven hypertensive patients were studied 
using the renography. The results compared with 
another study showed that 22 per cent of patients 
with normal renograms were proved to have uni- 
lateral renal disease; 41 renograms on normotensive 
patients showed 28 per cent false positive results. 

It is concluded that the renogram is of little value 
as a screening test for unilateral renal disease.— 
William K. Littman, M.D. 


SicMaN, EucENE M., BENDER, MERRILL, and 
Brav, Monte. Radiohippuran renography 
and radiohippuran renal autofluoroscopy. 7. 
Urol., Aug., 1964, 92, 153-158. (From: De- 
partment of Urology, Buffalo General Hos- 
pital and Department of Nuclear Medicine, 
Roswell Park Memorial Institute, Buffalo, 
N. Y.) 


A new isotope procedure, renal autofluoroscopy, 1s 
presented in this articie. 

'The autofluoroscope is a non-scanning device 
designed to give a graphic representation of the 
distribution of gamma emitting isotopes within the 
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human body. It incorporates such features as colli- 
mation with a good depth response and adequate 
resolution, high efficiency, and a high contrast data 
presentation system. Instead of a single sodium 
iodide crystal, the autofluoroscope uses 293 sodium 
iodide crystals packed in a 6X 9 inch arrangement. 
The collimator provides a single tapered aperture for 
each crystal. Twelve 3 inch multiplier phototubes are 
separated from the crystal bank by a 4 inch thick 
lucite light pipe. Gamma ray activity occurring in 
any crystal is represented as a dot of light in the 
corresponding locations on the face of an oscilloscope. 
When the autofluoroscope is monitoring renal tissue 
that is in the process of clearing a labeled compound 
such as hippuran I, the flashes of light that will 
appear on the oscilloscope screen will bear a direct 
spacial relationship to the segment of renal tissue 
that originally produced the source of gamma energy. 
When such a system is applied to a single intravenous 
dose of hippuran I) a radiohippuran excretory 
urogram is obtained. This will differentially demon- 
strate cortical activity, medullary activity, and 
collecting system activity so that the radiohippuran 
excretory urogram may be expressed graphically as a 
compartmental fractional analysis. 

By using this method in conjunction with standard 
radiohippuran renography, the authors have studied 
normal patients with dehydration versus water 
diuresis, chronic pyelonephritis, hypertension, hydro- 
nephrosis, and tubular necrosis. Ten figures illustrate 
the value of this method.--George W. Chamberlin, 
M.D. 
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CHOENCEPHALOGRAPHY is the 

term coined by Leksell in 1956 for a 
new technique by which the position of the 
midline structures of the brain can be de- 
termined. The technique involves passing a 
beam of pulsed ultrasound into the head in 
the temporoparietal region and recording 
the returning echoes. The midline struc- 
tures, usually the lateral walls of the third 
ventricle but also the septum pellucidum, 
pineal gland and interhemispheric fissure, 
send forth the strongest and most easily 
recognizable echoes which can then be used 
to determine the presence or absence of a 
displacement of these structures. This 
technique, used increasingly in Europe 
since 1926, has in the past 2 years come 
into use in some medical centers in the 
United States. It is an extremely useful 
neurologic screening test, as significant as 
detection of a calcihed pineal gland on a 


frontal skull roentgenogram, and yet ob- 
tainable in over 9g per cent of patients. It is 
the purpose of the authors to describe the 
technique of echoencephalography and add 
the results of our clinical trial to the already 
convincing body of data in the literature 
indicating the value, efficiency, and ac- 
curacy of the procedure. 

The determination of the midline echo is 
of value in all patients, especially those 
without a calcified pineal body, suspected 
of having neurologic disease. In almost 
every case where echoencephalography is 
desired, routine skull roentgenograms are 
also obtained at the same time, the former 
supplementing the latter. Use of the equip- 
ment and performance of the test are 
easilv learned, and there is no doubt that 
neurologists, neurologic surgeons, and ra- 
diologists, as well as other specialists, will 
find it of value. It is useful as a screening 
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method for lateralizing pathology, selecting 
the appropriate neuroroentgenologic pro- 
cedure, and following the clinical course of 
patients. Echoencephalography may also 
be very valuable in patients with head 
trauma, especially children, for checking 
the position of the midline structures on 
admission and subsequently for detecting 
any shift that might occur due to the de- 
velopment of subdural hematoma. 


HISTORIC REVIEW 


The first use of ultrasound to determine 
the position of the midline structures of the 
brain was reported by Leksell? in 1955. As 
early as 1942 and 1947, Dussik e£ al.** had 
reported on the application of continuous 
transmitted ultrasound to central nervous 
system diagnosis. In 1950, French, Wild 
and Neal? reported the detection of cere- 
bral tumors in postmortem material by use 
of a pulse-echo technique. It was Leksell, 
however, who found that, by placing the 
ultrasonic transducer on the temporal re- 
gion, one could record echoes from the mid- 
Jine structures and determine their position 
with relative ease on the intact skull. In 
1956, he described the basic technique 
and presented several case reports. In 
1958,* he stressed the role of the pineal 
body as a source of the midline echo. In 
1959, De Vieger and Ridder? and Jefferson? 
reported their early experiences. Lithan- 
der,417:8 in 1960 and 1961, contributed 
significantly to the technique of echoen- 
cephalography with the description of the 
transmission signal as a simple method of 
control. Others,- including Jeppsson," 
Taylor e al}? and Jefferson,” have con- 
tributed reports on clinical trials and dis- 
cussions of the technique, source, and ac- 
curacy of the midline echo. Ford and Am- 
brose* have recently reported the largest 
series of cases to date in which the accuracy 
and validity of the technique is well docu- 
mented. 


PRINCIPLES 


Ultrasound is defined as high frequency, 
greater than 20,000 cycles per second, 
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wave-form mechanical energy which re- 
quires some type of medium, usually liquid 
or solid, for its propagation. It thus differs 
fundamentally from electromagnetic radia- 
tion. Because of its high frequency, usually 
on the order of 1 to 2 million cycles per 
second, it has many properties similar to 
light. It can be reflected, refracted, ab- 
sorbed, and dispersed. In the soft tissues of 
the body, it has a velocity of approximately 
1,500 meters per second. Discussions of the 
physics of ultrasound can be found in the 
works of Jeppsson,'? Carlin Goldman and 
Huter,’ and Richardson.'? 

In echoencephalography, the most im- 
portant property of ultrasound is its reflec- 
tion from tissue surfaces or interfaces. A 
portion of the sound beam will be reflected 
when it passes from one conducting me- 
dium to another, such as from the gray 
matter to the cerebrospinal fluid. The por- 
tion of the sound beam reflected is propor- 
tional to the difference between the specific 
acoustic impedance of the two mediums. 
The specific acoustic impedance of a tissue 
is defined as the product of its density and 
the velocity of the sound within it. The 
second critical factor influencing the por- 
tion of sound energy reflected and the us- 
able portion of the echo which is to be 
recorded is the angle of the incident beam to 
the tissue interface. The closer the angle of 
incidence is to normal, the greater is the 
portion reflected, and similarly the greater 
the portion that can be recorded. When the 
angle of the reflected sound beam differs 
from the angle of the incident beam by 
more than a few degrees, the energy of the 
returning signal is markedly reduced and, 
therefore, less likely to be recorded. The 
third important factor determining the 
strength of the returning signal is the sur- 
face area upon which the incident beam 
strikes. The greater the area, the greater 
will be the amplitude of the returning sig- 
nal. 

Ultrasound is generated in short wave- 
trains or pulses by a specially constructed 
transducer made of a very thin ceramic 
crystal. When a voltage is placed across the 





Pre 
Note the transducer position above the ear, 


I. Echoencephalograph in use on a patient. 


erystal, it changes its thickness according 
to the piezoelectric effect and vibrates for a 
few cycles, creating a short wave-train or 
pulse of high frequency waves. Conversely, 
when returning echoes strike the trans- 
ducer, thev mechanically vibrate the crvs- 
tal, setting up a very small potential differ- 
ence across 1ts surface. This signal can then 
be amplified and electronically manipu- 
lated. 


EQUIPMENT 


The equipment used* in echoencephalog- 
raphy (lig. 1) consists basically of a tim- 
ing mechanism, a pulser, a transducer, a 
sweep circult, an amplifier rum oscilloscope, 
and a camera. The timer activates simul- 


taneouslv the pulser and the sweep circuit. 
The pulser instantaneously places a voltage 


across the transducer, producing a pulse of 


ultrasound. At the same instant the hori- 
zontal sweep begins moving from left to 
right across the face of the oscilloscope. 
This sweep has been calibrated so that a 
known distance on the oscilloscope screen 
corresponds to a known distance in the 
head. When a returning echo is recorded by 
the transducer, the signal is amplified and 
scade as an Bi m of the 
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* VI-400 Echoencephalograph. Physionic Engineering, Inc, 
Longmont, Colorado. 
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360 times s E The ica of time 
that the transducer is actively producing 
ultrasound for each pulse is on the order of 


§ microseconds. Thus the transducer is in a 
receiving state, listening for returning 


echoes more than gg per cent of the time. 


METHOD OF EXAMINATION 


The method of examination of a patient 
consists of recording the midline echo from 
the right and left temporal regions at a 
point just above and slightly anterior to the 
pinna of the ear corresponding to the thin 
joe O the squamous temporal bone 

Fig. 1). In addition, after completion of 
o a control transmission signal is re- 
corded, utilizing two transducers placed in 
the same location, These three measure- 
ments are photographed on a single film 
with the transmission signal uppermost, 
the recording from the ri ight ji Hr the mic. 
portion with the deflection upwards, and 
the recording from the left slightly below 
and with the deflection downward (Fig. 2). 

Recognition of the midline echo cannot 
logically depend upon its position on the 
baseline but must rest upon other charac- 
teristics, It is usually the strongest signal 





Fic. 2. Normal echoencephalogram (confirmed), 


>< 2 cm. of tissue 

+> Transmission signal 

>=> Midline echo on the right 

> Left inner rable as seen from the right 
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arising from the central portion of the 
trace. When the tracing is normal or there 
is only a slight displacement of the midline 
structures, it will often be notched or 
double in appearance. The midline echo 
can often be recognized from the sym- 
metric distribution of other echoes about 1t. 
Pulsation is often noted in the midline 
echo; however, this is not a reliable sign as 
other pulsatile echoes can be seen. When 
the transducer is rocked slightly it usually 
appears as the most dominant and persis- 
tent signal. Another important factor in 
recognition of the midline echo is its rela- 
tionship to the control transmission signal. 
This signal is an ultrasonic measurement of 
the diameter of the head between the two 
points from which the right and left deter- 
minations were made. This diameter is 
equal to the distance from the transducer 
to the midsagittal plane and back again, 
providing there is no head asymmetry. 
'Thus it represents a theoretic prediction of 
the location of the midline echo. If the mid- 
line structures are undisplaced, the midline 
echoes from both sides of the head and the 
transmission signal should all line up evenly 
on the oscilloscope. If there 1s a displace- 
ment of the midline structures and the pro- 
cedure has been correctly done, the midline 
echoes should shift away from the trans- 
mission signal equally in opposite direc- 
tions. As a final criterion for an adequate 
examination, the back-echoes should line 
up equidistant from the transducer, assur- 
ing, as nearly as possible, that the two 
sound paths were coincident. 


CASE MATERIAL 


Four hundred and sixty-nine echoen- 
cephalograms from patients who were 
examined at the Neurological Institute, 
Columbia-Presbyterian Medical Center 
were reviewed. Each patient was examined 
at the request of his physician or prior to a 
special neuroradiologic examination by a 
technician trained in the technique of mid- 
line echoencephalography. Each examina- 
tion was then checked by one of the 
authors. Each patient was examined prior 
to other study when it was possible, and 
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usually 24 hours before cerebral angiog- 
raphy or pneumography. The patients’ 
ages ranged from intancy to elderly and 
their conditions included all types of neuro- 
logic disorders, congenital, vascular, neo- 
plastic, and traumatic. 


METHOD OF ANALYSIS 


Each echoencephalogram was graded as 
being either normal; namely, the midline 
structures were within 2 mm. of the mid- 
line, or as showing a displacement, the di- 
rection and degree of which were stated. 
Subsequently, the patients’ roentgeno- 
grams were reviewed and measured to de- 
termine the presence or absence of midline 
structure displacement and to quantitate it. 
All measurements on the roentgenograms 
were made in the posteroanterior projection 
usually to the outer tables of the skull. The 
pineal gland was measured from the center 
of the visible calcification. The anterior 
cerebral artery was measured from its 
medial margin in its proximal portion as 
well as in its distal (upper) portion. The 
medial aspect of the internal cerebral vein 
was measured from its anterior third just 
posterior to the foramen of Monro and from 
its posterior third as determined in the 
frontal projection with the aid of the lateral 
view. The anterior third ventricle was 
measured from its midplane as demon- 
strated in the brow-up projection as was 
the septum pellucidum. The posterior third 
ventricle was measured from its midplane 
as demonstrated in the brow-down projec- 
tion. All measurements were made to the 
nearest millimeter. No case was considered 
confirmed unless one or more of these 
measurements was obtained with exception 
of those cases which had operative con- 
firmation only, or those which had demon- 
strated unequivocal lesions roentgeno- 
graphically to account for the findings but 
in which the deep veins were not filled, or 
the vessels were so distorted as to make 
measurement impossible. These cases were 
considered qualitatively confirmed. The 
midline echo was considered normal if it 
was within 2 mm. of the midplane. The 
roentgenographically demonstrated mid- 
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line structures were considered normal if 
they were within 2.5 mm. of the midplane 
for the pineal gland, third ventricle, and 
posterior internal cerebral vein, and within 
3 mm. of the midplane for the anterior 
cerebral-pericallosal artery. In addition to 
placing each case in the appropriate group, 
a comparison of the quantitative measure- 
ment of the shift of the midline echo with 
the displacement of each of the measured 
structures on the roentgenograms was 
made on cases correctly predicted in which 
displacement of the midline structures was 
present. The mean difference between the 
. midline echo and each measured point was 
determined. 


RESULTS 


The data are presented by groups in 
Table 1. A total of 469 cases were exam- 
ined. Of these 287 were confirmed, 180 
were unconfirmed, and in 2 cases an accept- 
able examination could not be performed. 
Of the cases correctly predicted, there were 
204 with undisplaced midline structures, 51 
with displaced midline structures, and 24 in 
which the midline echo and the pineal 
gland, posterior third ventricle, or posterior 
third of the internal cerebral vein were 
"within 2 mm. of the midplane although the 
more anterior structures were abnormal in 
position. Of the incorrectly predicted cases, 
there was 1 with displaced midline struc- 
tures, 1 in which the direction of the dis- 
placement was reversed, and 6 with undis- 
placed midline structures. 

Of the 287 confirmed cases, in 279 or 
97.2 per cent correct predictions were 
made regarding the presence or absence of 
midline structure displacement, and, if 
present, the direction of the displacement. 
Of those cases in which the posterior third 
ventricle, posterior internal cerebral vein, 
or pineal gland were in normal position (234 
cases), 97.4 per cent were correctly pre- 
dicted. Of the cases in which these struc- 
tures were abnormal in position (53 cases), 
96.1 per cent were correctly predicted. Of 
the cases in which the midline echo was in- 
terpreted as normal (229 cases), 99.5 per 
cent were correct predictions giving a false 
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Tase I 
SUMMARIZED DATA 
Confirmed Cases 
Correctly Predicted 279 
Undisplaced Midline Structures 204 
Displaced M:dline Structures 5I 
Undisplaced Posteriorly, Displaced 
Anteriorly 24 
Incorrectly Predicted 8 
False Positive 
False Negative I 
Reversal of Displacement I 
Normal Midline Echo, Total 229 
Correctly De-ermined 228 
Incorrectly Determined I 
Abnormal Midl:ne Echo, Total 58 
Correctly Determined 51 
Incorrectly Determined 7 
Total Cases Confirmed 287 
Unconfirmed Cases 
Total Cases Unconfirmed 180 
Undisplaced Midline Echo 173 
Displaced Midline Echo 7 
No Echo Obtairable 2 
Total Cases Examined 469 


negative rate of o.5 per cent. Of the cases in 
which the midline echo was interpreted as 
abnormal (5& cases), 87.9 per cent were 
correct predictions giving a false positive 
rate of 12.1 per cent. These results are sum- 
marized in Table rr. 

In Table nı are listed the mean differ- 
ences between the displaced midline echo 
and the measured displacement of the vari- 
ous structures on the roentgenograms. The 
measured displacement of the midline echo 
differed from that of the pineal gland on the 
average of 1 mm., the posterior internal 
cerebral vein 1.09 mm., the posterior third 
ventricle 1.20 mm., and from all three con- 
sidered together 1.15 mm. The distribution 
of the differences between the midline echo 
and the various structures is illustrated in 
Figures 3 through 10. 
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Tase II 
SUMMARIZED RESULTS 

Confirmed Cases Correctly Predicted 
Total 97.2% 
Undisplaced Posterior Structures 97.4% 
Displaced Posterior Structures 96.1% 

Confirmed Cases Incorrectly Predicted 
False Negative 0.5% 
False Positive 12.1% 


CASE ILLUSTRATIONS 


Figures 11 through 16 are echoencephalo- 
grams and appropriate roentgenograms 
from the neuroroentgenographic studies, 
with brief case summaries, showing the 
usefulness and applicability of echoen- 
cephalography in clinical, neurologic and 
surgical practice. 


DISCUSSION 


An accuracy of prediction of 97.2 per 
cent is comparable to the results reported 
by other authors. Ford and Ambrose® in 
their large series had an over-all accuracy 
rate of 93.8 per cent and on their last 300 
cases an accuracy rate of 96.8 per cent. 
They had a false negative rate of 4.3 per 
cent and a false positive rate of 9.2 per cent 
as compared to our rates of 0.5 per cent and 
I2.1 per cent. Lithander!? reported an over- 


Tase III 


CORRELATION OF MIDLINE ECHO AND 
MIDLINE STRUCTURES 








Differences between the Mean 
Midline Echo and (mm.) 

Pineal Gland, Posterior Third Ventricle, 
and Posterior Internal Cerebral Vein I.1$ 
Pineal Gland I.00 
Posterior Internal Cerebral Vein 1.09 
Posterior Third Ventricle I.20. 
Anterior Third Ventricle 2.55 
Anterior Internal Cerebral Vein 2.65 
Anterior Cerebral Artery 3-43 
Pericallosal Artery 3.83 
Septum Pellucidum 2.00 
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Fic. 3. Difference between the anterior portion of 
the anterior cerebral artery and the echo. (Note: 
Figure 3 to 1o represents quantitative relation 
between the measured structure and the echo. In 
each case the echo was subtracted from the posi- 
tion of the structure as measured on the roent- 
genograms. Normal means lack of any midline 
shift over 2 mm. in the roentgenograms.) 
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Fic, 4, Difference between the posterior portion 
of the anterior cerebral artery and the echo. 
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all accuracy rate for 275 cases of 94.2 per 
cent with 6 per cent false positive and 5.7 
per cent false negative. 

An analysis of our errors reveals that the 
one false negative result occurred in a pa- 
tient with a marked hydrocephalus and 
marked shift of the midline structures due 
to a large arachnoid cyst. Possibly in this 
case another strong reflecting structure 
such as a wall of the lateral ventricle actu- 
ally lay in the midplane. In one case there 
was a reversal of the shift. This was prob- 
ably due to recording the upper trace from 
the left side of the head contrary to the 
usual procedure, and then failing to correct 
for this in the interpretation. In another 
case early in the series, the examiner was 
misled into expecting a shift, and may have 
been too greatly influenced by the clinical 
history. Another error was due to the use of 
excessive amplification resulting in too con- 
fusing a pattern of signals. Two errors were 
due to unrecognized skull asymmetry, one 
in a postoperative patient. One case was 
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Fic. 5. Difference between the anterior portion 
of the internal cerebral vein and the echo. 
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Fic. 6. Difference between the posterior portion 
of the internal cerebral vein and the echo. 


due to the presence of hydrocephalus in 
which one wall of the third ventricle, re- 
corded from both sides of the head, was 
thought to represent a displaced midline. 
The hydrocephalus was not recognized. A 
subsequent echoencephalogram demon- 
strated no displacement. The last error was 
due to the diagnosis of hydrocephalus 
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Fic. 7. Differerce between the septum pellucidum 
and the echo. 
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which was not present. In this case the mid- 
line structures and midline echo were nor- 
mal in position, but it is nevertheless con- 
sidered an error of interpretation. The 7 
Abnormal unconfirmed cases of abnormal midiine 
echoes consisted of 3 postoperative cases 
with previously demonstrated abnormali- 
ties, 2 cases which could not be confirmed 
because of clerical error, and 1 case which 
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Fic. 8. Difference between the anterior third 
ventricle and the echo. 





" Fic. 11. Case 1. The echoencephalogram demon- 
EET strates a 4 mm. displacement of the midline struc- 
5 tures to the right. The bizarre echoes in the first 


TE portion of the left hand trace may have been pro- 
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Fic. 9. Difference between the posterior portion 
of the third ventricle and the echo. 
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Fic. 12. Case 1. Venous phase of left carotid anglo- 
gram shows the internal cerebral vein to be shifted 
to the right. The shift of the posterior portion of 
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was not studied by special neuroroentgeno- 
logic procedure. 

The higher correlation of the displaced 
midhne echo with the position of the more 
posteriorly situated structures is not unex- 
pected and reflects the positioning of the 
transducer on the head. The implication of 
this is that the posterior portion of the third 
entricle may be normal in position, and 





Soe 





Fic. 13. Case 2. The midline echo is displaced 4 mm, 
to the left. Note the notched appearance of the 
midline echoes, the symmetry of the midline 
echoes, the symmetry of the displacement in re- 
lationship to the transmission signal, and the 
equidistant back-echoes. 














Fic. 14. Case 2. A large high parietal convexity 
hematoma is demonstrated in the venous phase of 
right carotid angiography. The posterior portion 
of the vein was shifted g mm. to the left of the mid- 
line, 
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Fic. 15. Case 3. The echoencephalogram shows no 


^ bi eet 





(94 


evidence of displacement of the midline structures. 
The midline echoes from both the right and the 
left are within 2 mm. of the transmission signal 
and the back-echoes are equidistant. 
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Fic. 16. Case 3. The right carotid angiogram demon- 
strates a space-occupying mass deeply situated in 
the anterior suprasylvian region, producing a 
3 mm. displacement of the anterior portion of the 
internal cerebral vein, The posterior portion of the 
vein (arrow) was in the midline by measurement 
and thus confirmed the echoencephalographic 
finding. This case is an example of displacement 
anteriorly in the presence of normal posterior 
structures, and illustrates the incapability of cur- 
rent techniques to detect small anterior displace- 
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therefore the midline echo undisplaced, 
even in the presence of a marked shift 
frontally. The data indicate the accuracy of 
the midline echo measurement in most 
cases. Most of the large differences between 
the midline echo and the posterior struc- 
tures occurred in cases that had a marked 
displacement. Over go per cent of the 
differences between the midline echo and 
the posterior structures were 2 mm. or less. 


SUMMARY 


Four hundred and sixty-nine echoen- 
cephalograms were reviewed in which 287 
were confirmed by special neuroroentgeno- 
logic procedures. Anatomic corr elation was 
then undertaken between structures meas- 
ured on the roentgenograms and the 
echoes. The over-all accuracy of prediction 
of the posterior midline structures was 
97 7-2 per cent. The false negative rate was 

5 per cent and the false positive rate was 
12.1 per cent. 

Echoencephalography is an easy, rapid, 
and apparently harmless neurologic screen- 
ing test. It carries the same clinical signifi- 
cance in routine use that the demonstration 
of a calcified pineal gland does when seen on 
the frontal roentgenogram of the skull. It is 
obtainable on almost every patient and is 
especially useful in screening patients sus- 
pected of having a space-occupying intra- 

cranial lesion. 


Ray A. Brinker, M.D. 

The Edward Mallinckrodt Institute of Radiology 
Washington University 

510 S, Kingshighway 

St. Louis, Missouri 63110 
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MEDICAL ULTRASONICS* 





ESSE? 


By G. ELIZONDO-MARTEL, M.D., and J. GERSHON 


PHILADELPHIA, 


LTRASONIC echo sounding is at 
present being used in several diagnos- 
tic fields of medicine. Among these are 
studies of the mitral valve, eve disturb- 
ances, kidney and ureteral stones, breast 
cancer, fetal cephalometry and other intra- 
abdominal conditions. | 
Our experience with ultrasonic echo 
techniques so far has been limited to stud- 
ies of intracranial lesions. In addition to 
presenting our experience with echoen- 
cephalography, the aim of this report is to 
discuss some basic principles of ultrasound 
as an introduction to those interested in 
this subject. 


BACKGROUND AND PRINCIPLES 


When-mechanical pressure or tension is 
applied to the surface of certain crystals 
such as quartz, Rochelle salt or barium 
titanate, an electric voltage is generated. 
This phenomenon was discovered in 1880 
by the brothers P. and J. Curie? and named 
“piezo-electric effect.” In 1881, Lippmann 
predicted the reverse effect: when electric 
charges are applied to the surfaces of such 
crystals, the crystals will expand or con- 
tract depending on the signs of the charges. 
This latter phenomenon is termed the “‘re- 
verse piezo-electric effect." 

If an alternating voltage is applied to 
such a crystal, a reverse piezo-electric effect 
will result in vibration of the crystal. This 
vibration will be most pronounced when 
the frequency of the alternating voltage 
coincides with the natural mechanical or 
resonant frequency of the crystal. Vibra- 
tion of the crystal will then generate sound 
waves in the surrounding media. If the fre- 
quency of those sound waves is above 
20,000 cycles per second, they are outside 
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the normal hearing range and are termed 
ultrasonic sound waves. 

These principles of ultrasound generation 
were first applied by Langevin? when he was 
commissioned by the French government 
during the First World War to find a means 
of locating enemy submarines which at the 
time were attacking French vessels. His 
patent proposed an assembly of mosaic 
quartz crystals cemented between steel 
plates to be used for generation and recep- 
tion of ultrasonic waves. The device was 
not employed to anv extent because of im- 
perfections usually attendant with the de- 
velopment of new devices. 

During this period, Nicholson? of the Bell 
Laboratories in America did pioneer work 
with Rochelle salt crystals. Subsequently, 
quartz and other piezo-electric crystals and 
ceramics became the basis of many under- 
water detecting and signaling devices. 

During the Second World War, new 
methods such as Asdic and Sonar were per- 
tected and widely used for anti-submarine 
warfare with great success. Although there 
are several methods of generating ultra- 
sonic waves for various purposes, the 
simplest one most commonly used in medi- 
cine is that employing crystal transducers, 
not unlike those used in underwater Sonar 
detection equipment. 

In practice, a piezo-electric crystal or 
transducer is momentarily excited by pulses 
of high frequency current and the resultant 
expanding and contracting movements are 
transmitted to a fluid. These vibrations or 
sound waves in the fluid travel until they 
collide with any surface or interface of a 
different medium. The resulting echo trav- 
els back and hits the crystal, thus generat- 
ing an electric signal which can then be 





* From the Department of Radiology, Albert Einstein Medical Center, Philadelphia, Pennsylvania. 
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amplified and displayed by various means 
including oscilloscopy. While ultrasound 1s 
more easilv propagated through liquids or 
solids than through gas, it is otherwise simi- 
lar to light in many respects insofar as it 
can be directed in straight beams which can 
be reflected and retracted. 

'The characteristic that determines the 
amount of attenuation and reflection of the 
waves is known as the specific acoustic 1m- 
pedance and this is related to the density 
and elasticity of the medium. When a wave 
traveling through one medium impinges 
on a boundary between it and a second 
medium of different acoustic impedance, 
part of the energy continues traveling for- 
ward through the second medium while the 
remainder is reflected back into the first 
medium. The amount of energv reflected 
back is dependent on the differences in 
acoustic. impedance of the two media. 
Strong reflections are obtained at bound- 
aries between liquids and air. Under these 


conditions, the energv which continues 
traveling forward through the second 


medium will be greatly diminished. 

Reflections are not limited to the first 
interface. The energy which continues 
traveling forward beyond the first bound- 
ary will be again partly reflected at the 
next boundary. Thus it is possible to obtain 
echoes from several succeeding boundaries. 
It must be kept in mind, however, that 
each succeeding echo will be greatly atten- 
uated because only part of the energy is 
transmitted through a boundary and be- 
cause the reflected wave must pass twice 
through each preceding boundary —once in 
each direction of travel. 

Another factor which must be kept in 
mind is that a very regular interface may 
act as a reflector and a beam may be re- 
flected away at an angle, in the same man- 
ner as a beam of light is reflected by a 
mirror. 

The echo sounding method thus consists 
basically in transmitting a short pulse of 
ultrasonic sound into the medium being 
examined and detecting any echoes that are 
reflected back from interfaces lving in the 
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path of the original wave. The elapsed time 
between the transmitted pulse and the re- 
ceived echoes is a measure of the depth or 
distance to the interfaces (Fig. 1). 

Although strong reflections take place 
when transmitting from liquid to solid, the 
usual way of getting ultrasonic waves into 
a solid is by using thin films of liquids as 
couplants, since the air boundaries reflect 
almost 100 per cent of the energy. 

The entire process of transmission of the 
pulse and detection of returning echoes 
takes place in onlv a fraction. of the 
thousandth of a second. The process can 
thus be repeated many times per second to 
provide a display which appears stationary 
to the observer.” 


DISPLAY METHODS 


One of the simplest methods of present- 
ing the information from the returning 
echoes is by means of an oscilloscope. The 
spot of light on the face of the cathode ray 
screen can be controlled in three independ- 
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Fic. 1. When the midline structures are not dis- 
placed, the midline echo is equidistant from both 
sides of the skull, Ze, AB- BC. Displacement of 
the midline causes differences between AB and 
BC, as seen in the lower half of the illustration. 
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ent or simultaneous ways : horizontally, 


ver a or Dy cha: ange i br ightness, 


i. 7 pe receiv VC echoes. T his, c m 
fore, 1s a measure of the depth or distance to 


the interface, assuming that the speed of 


sound in the soft tissues is constant. The 
observed patterns appear stationary on the 
screen due to repetition many times per 
second of the process of transmission and 
reception. 

The signals of ultrasonic echoes displayed 
in other ways take their nomenclature from 
the terminology of radar as follows: 

Amplitude Modulation or Mode A. Yn 
this mode, the intensity of the trace is kept 
constant. The returning echoes, converted 
into electrical signals, are made to displace 


the trace in the vertical direction. The 
amount of vertical displacement thus 


represents the strength of the echo and the 
horizontal distance represents the depth or 


distance to the reflecting boundary, 
The primary use of this display mode is 
to determine the distance or depth to the 


reflecting boundary. An additional use is 
the study of structures such as tumors hav- 
ing more than one component of different 
density or elasticity (Fig. 2). 

2. Intensity Modulation or Mode B. In 
this display, the trace of returning echoes 
varies with intensity. The echoes are thus 
presented as bright dots of light along the 
horizontal, s id of f the as np 
c i D representing c depths. 

If the target possesses a component of 
motion in the direction of the ultrasonic 





the amount of vertical 
displacement represents the strength of the echo. 


Fic. 2. In Mode A display, 


pictures. 
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. In Mode B display, the intensity of the dots 
Modes 


ies. 
represents the strength of the echo, In both ? 
A nd B, the separations between spikes and dots 
represent distance. 


beam, displacement of the dots will occur. 
If a slow vertical sweep is incorporated in 
the oscilloscope, these displacements can 
ied be recorded (Fig. 3). 

B-Scan. By mounting the probe on a 
ree synchronized scanning device, pic- 
torial representations of structures can be 
obtained. The principle of the formation of 
these two-dimensional pictures by scanning 
was described by Newell! (1963), who com. 
pared ultrasonic echoes with laminagraph: 3s 
These are really composite pictures formed 
from a large number of one-dimensional 
The structural representations 
compare quite accurately with anatomic 
cross-sections. 

A variant of the linear scan can be ob- 
tained by mounting the probe on a device 
animated by an angular fan-like sector 
movement. 

‘Table 1 shows a summary of the different 
ways in which the ultrasonic echo informa- 
tion may be displaved on the oscilloscope. 

4 Other Dis play and Measurement Meth- 
ods, In addition to the oscilloscope, readout 
displays can also be made on stripcharts, 
recorders or photographic film. Digital 
counters may be used with great accuracy 
to measure elapsed time between trans- 
mitted pulse and received echoes. The in- 
tensity of the transmitted signal and its 
attenuation may also be used as a measure- 
ment parameter if a second transducer is 
used for receiving pulses passed through the 
Structure, 

Another approach, introduced by Yo- 
shida e£ al.“ (1961), is to use a continuous 
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SUMMARY OF OSCILLOSCOPIC DISPLAY METHODS 





MRNA DINEM NIMM E E EE C od ESE 


Vertical Distance Intensity 
A Depth (time) Strength of echo Constant 
B Depth (time) Constant Strength of echo 
B with Vertical 
Sweep Depth (time) Time Strength of echo 
B.Scan Depth (time) Positions of transducer Strength of echo 
during scan 


beam of ultrasound instead of repeated 
pulses, recording the Doppler effect. The 
change in frequency that takes place when 
the target has motion towards or away 
from the transducer can be displayed as : 
signal on the oscilloscope and provides 
another measurement parameter. Although 
the time occurrence of intermittent motion 
may be determined by this method, it does 
not indicate the position of the reflecting 
surface in relation to the transducer. 


BEHAVIOR OF ULTRASOUND IN 
SOFT TISSUE 

In practice, ultrasound can be considered 
to propagate in a straight line in soft tissue 
and can thus be used to examine those 
targets in the path of its transmission. Soft 
tissues of the body mav be visualized by 
ultrasound without the use of contrast 
media with a resolution approaching that 
of the gross anatomic appearance. Radio- 
lucent materials can be detected despite the 
presence of blood or other soft tissue in the 
immediate vicinity. Since echoes are pro- 
duced by discontinuities in acoustic Im- 
pedance, a change in elasticity 1s equally as 
effective in the production of an echo as a 
change in density. This allows differentia- 
tion of soft tissues even if thev are of the 
same density provided they are of different 
elasticity, a characteristic unlike any other 
known visualization technique. Thus, an 
artery produces a strong echo because it 
has an elasticity different than surrounding 
tissue. 

The speed of transmission of ultrasound 
through soft tissue is in general almost 
equal to its velocity in water at the same 


temperature; namely, 1,500 meters, ‘sec. 
Small variations in speed are related to vari- 
ations in local temperature or composition. 

The resolving power of ultrasound is in- 
versely related to its wave length. The 
shorter wave lengths give the highest 
resolution but have the lowest penetrating 
power. The longer wave lengths have lower 
resolution but higher penetrating power. 
The wave length is related to the frequency 
of the ultrasound by the following simple 
formula: 


T speed of sound in the medium. 
ave engt Eee De EM ———Á——— 
frequency 


Table n gives the wave lengths correspond- 
ing to the frequencies most commonly used 
in diagnostic echo-sounding. 

The average power levels used in diag- 
nostic ultrasound range approximately be- 
tween 1/1,000 to 1/100 of those used for 
therapeutic mechanical or thermal effects. 
The diagnostic value of ultrasound does not 
depend on producing any J physiological 
effects. It depends more on the body's 
effect on ultrasound than on ultrasound's 


Tague H 


RELATIONSHIP OF FREQUENCY AND WAVE LENGTH 
OF ULTRASOUND IN SOFT TISSUE 





Wave Length in 
Soft Tissue 


o.§ mc 3 mm 
1 mc 1.5 mm 
2.5 IRE o.6 mm 
5 ane 0.3 mm. 
i0 me, O.16 mm. 
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effect on the body. No observable damage 
to tissues has been reported with the use of 
pulsating ultrasound for diagnosis. 


ECHOENCEPHALOGRAPHY 


The bulk of work on the brain has been 
confined principally to A-Scope pr See 
tion. Ultrasonic frequencies of 1.5-2.5 
mc./sec. have been found appropriate for 
A-Scope presentations of midline studies. 
The essential information rendered is the 
position of brain midline structures which 
act as a reflecting boundary. Any condi- 
tions that tend to produce a lateral dis- 
placement of midline structures will alter 
the position of the echo from each side. 
The two echoes, one obtained from the 
right and the other from the left will there- 
fore fail to line up in the midline as traced 
on the oscilloscope. Measuring the dis- 
tances from the leading edges to the two 
echoes and dividing by two, the degree and 
side of displacement can be determined, 
assuming the skull to be symmetrical. The 
accepted limit of normal displacement of 
the midline echo is less than 3 mm. There- 
fore, displacements of 3 mm. or more are 
considered abnormal. 

Another display method may be ob- 
tained by counting the time elapsed from 
each side to the midline, subtracting one 
from the other. Dividing by two gives the 
displacement, considering that ultrasonic 
waves penetrate brain tissue of 1 cm. in 13 
microseconds. 

By counting the time required for trans- 
mission between one wall and the other, or 
the degree of attenuation, some information 
can be deduced about tissue composition, 
local temperature and degree of hydration 
(edema), considering that all three factors 
affect the transmission of ultrasound. 

Linear B-Scan and its variant, angular 
or sector fan-like scans, are also useful for 
obtaining cross-sectional views of tumors 
and other lesions. The thickness and 
curved shape of the skull, however, add 
difficulties to these presentations. 
<- ‘Tumor echo patterns have been sought 
by some workers. Gliomas generally have 
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irregular and continuous echoes while the 
echoes of meningiomas and metastases 
seem to be isolated and sharp. The tech- 
nique used in these cases may necessitate 
shaving the hair of the skull, osteoplastic 
trepanation through the dura mater and 
direct application of a special probe on the 
surface of the brain after opening the dura. 
Insertion of a special miniature transducer 
into the brain tissue, as proposed by 
Tanaka ef a/., presents a new means of loca- 
ting tumors deep in the brain and merits 
further investigation. 

Our technique for obtaining midline 
echoes is as follows: the probe is placed 
firmly against the side of the patient’s head, 
just above and as near the ear as possible. 
By moving the probe gently from front to 
back and up and down, strong midline and 
far wall echoes will appear. It is necessary 
to use a couplant such as ordinary degassed 
tap water to avoid air boundaries or bub- 
bles between the probe and the skin surface 
(Fig. 4). 

Apparatus provided with double traces 
permits checking the absence of differences 
in delay of the transmitted pulse ("main 
Dang") and the far wall echoes on both 
traces, right to left and left to right. Both 
traces should line up as mirror images even 
if it is necessary that the probe be reposi- 
tioned many times before the study is 
confirmed. 





Fic. 4. Transducer is placed above ear 
as indicated by area 1n black. 
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Fic. $. Normal echogram. The vertical deflections of both traces from right to left and 
from left to right are displaced less than 3 mm. from the midline. 
ECHO IDENTIFICATION echoes has been recently studied in detail 


Three groups of echoes are displayed on 
the oscilloscope screen in midline measure. 
ment and must be accuratelv iden Bed 

(Fi g. Sum 

Grot «p 1. The first group is composed of 
echoes from the near surface of the skull, 
inner and outer bonv tables, and meningo- 
brain interface. To be recognized is the 
main spike which represents the echo from 
the outer table of the skull and the second 
spike representing the inner table. A third 
spike, separated from the second by 3 or 
4 mm. and reduced in height, is sometimes 
seen Wd ae to the meningo-brain 
boundary (Fig. 6). 

Lack d good coupli: ng or the presence of 


foreign material interposed between the 


transducer and the skull will produce many 
echoes, varying in location and strength. 
These echoes can extend as far as the mid- 
line of the brain, making the trace unread- 
able (Fig. 7). 


Group n. The second group of far wall 





by Smyth. He points out that this group 
of echoes should contain one due to the 
skin-to-air interface in order to provide 
evidence that the sound beams from both 
sides are traveling similar paths and that 
these paths are doel perpendicular to the 
midline structures. According to this pro- 


cedure, the far wall group of echoes should 
include at least three and usually four 


spikes (Fig. 8 
The presence of echoes B, C and D is 
essential tor interpretation of the trace. 


Smyth believes that the A echo assumes 
great importance for localization and 
A 
8 A- OUTER TABLE OF SKULL 
| r B= INNER TABLE OF SKULL 


C= BRAIN / MENINGES INTERFACE 


Fic. 6. Pattern of near wall echoes. 
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hic. 7. Foreign material between transducer and 
the skin can result in echo deformity extending 


almost to midine, 


A = brain’ meninges interface 
B — mmer table of skull 


C ~ outer table of skull 





D = skin-to-atr interlace 


Fic. & Pattern of far wall echoes. 


measurement of subdural hematomas. Posi- 
tive Identihcation of the skin-to-air inter- 
face can be made bv rubbing or pressing a 
finger against the skin in an area over the 
far wall diametrically opposite the trans- 
ducer, 

Group in. Midline echoes. Although there 
is still some disagreement about which 
particular structure causes the midline 
echo, there is little question now about the 
usefulness of diagnosing the presence and 
approximate location of space occupving 
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lesions by shifts of these echoes. It is be- 
lieved that the midline echoes are most 
likely produced by the falx cerebri, in- 
ferior sagittal sinus, septum pellucidum, 
the third ventricle and pineal complex.'^ 

Despite the existence of different struc- 
tures in the midline, the path of the ultra- 
sonic beam will duds ly cross only one of 
them. 

Various difficulties. arise 
pretation of these echoes. The following 
criteria can serve for purposes of identi- 
fication: (1) the midline echo always pro- 
duces a prominent spike; (2) its shape 
seems to approximate the letter M when 
expanded; (3) it frequently pulsates as it 
crosses a large artery or the choroid plexus 
Br p us "E ( o base ie dius 


in the inter- 


These eof features can eee b 
observed when the trace is expanded hort- 
zontally on the viewing screen (Fig. 9, Æ, 
B and e 

The most frequent causes 
and persistent 


of complete 
absence of midline echoes 


are excessive attenuation by undue thick- 
ness of the skull wall and dispersal of the 


ultrasonic beam and echo by irregularities 
of both the near and far internal skull 
boundaries. 

Erroneous measurements in symmetrical 
skulls are usually due to misinterpreta On 
of echoes produced by structures that are 
not situated in the midline, Infratentori: i 
areas and anterior portions of the frontal 





Fic, 9. Midline echoes. 
to expa inded trace 


(4) Normal unexpanded trace. 


(C) Midline echo w 


(B) M-shaped spike due 
ith two spikes. 
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lobes are difficult to examine because of the 
low position of the former and the absence 
of dominant midline structures in the 
latter. 

Other echoes caused by structures not in 
the midline sometimes appear on traces. 
One of the most important is the echo pro- 
duced bv the wall of the lateral ventricle. 
This echo can easily be mistaken for one in 
the midline. In hvdrocephalv, this echo 
appears closer to the skull wall." 

Tumors and other lesions produce ab- 
normal echoes which are very difficult to 
identity. In. order 
perturbing echoes, transducers shaped to 


focus the ultrasonic beam at the depth of 


interest are being investigated." When us- 
ing these, however, one must be aware that 
the energy level at the focal point 1s much 
greater than that of unfocused trans- 
ducers and so the factor of safety is re- 
duced. 
RESULTS 

Echosonic midline measurements per- 
formed at Albert Einstein Medical Center 
on 155 adult individuals have been ana- 
lyzed; of these, 124 were selected and 31 
rejected either because a satisfactory 
follow-up was not obtainable or because 
operative or postmortem confirmation was 
not available. Only in one instance was it 
impossible to obtain a satisfactory mid- 
line echo. 

Thirty-four studies were done on healthy 
adults with no intracranial symptoms or 


other diseases. The maximum displace- 
ment obtained was 2 mm. in 2 cases. In 
the remainder, the displacement varied 


from o to 1.5 mm. 

Of 9 dne primarv intracranial tumors, 

presented a displacement of 3 mm. or 
more. In 2 cases, the midline echo was with- 
in normal limits. One of these had a 
voluminous glioblastoma multiforme which 
was operated on the previous vear with 
considerable herniation of the tumor 
through an extensive craniectomy. The 
far wall echo could not be obtained from 
the side of the craniectomy. The other pa- 
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tient presented a moderate sized pituitary 
chromophobe adenoma and its midline 
echo was not displaced. All the intra- 
cranial tumors with echo displacement 
also had positive angiographic evidence of 
tumor. 

In 2 cases, repeated measurements after 
2 month intervals disclosed increased dis- 
placement paralleling the general deteriora- 
tion of the patient. 

In 1 case of meningioma of the greater 
wing of the sphenoid with an initial dis- 
placement of 3 mm., the echo receded to 
the midline 42 days after the completion 
of Co® therapy. 

Among § metastatic intracranial tumors, 
4 presented a displacement of 3 mm. or 
more and the midline echo was normal in 1 
case. 

Sixteen cases of suspected intracranial 
tumors showed no displacement and other 
studies confirmed the absence of tumors. 

Among 11 cases of recent or old cranial 
trauma, to revealed no midline displace- 
ment. In the 11th case, an initial displace- 
ment of 6 mm. improved with recovery 
of the patient, the echo receding to the 
midline within 4 days (Fig. 10, 4 and B). 

In a group of 20 patients with ill- defined 
neurologic pathology and vague symptoms, 
a displacement of 3 mm. in one case was 
later found to be due to an old left sub- 
dural hematoma. 

In 4 cases of subdural, subarachnoid, or 
intracerebral hematoma later confirmed by 
operation or autopsy, the midline echo had 
various shifts ranging from 4 to 9.4 mm. 
(Fig. 11 and 12). 

Among 25 cases of thrombosis of the 
internal carotid artery or its main branches, 
22 revealed no displacement. In 3, dis- 
placement ranged from 3 to 4 mm 

In all cases, the direction of shift in the 
echograms coincided with the confirmed 
displacement. The amount of displace- 
ment obtained by echogram is not always 
the same as reported by angiography. 
The entire course of the anterior or peri- 
callosal cerebral artery is revealed in angio- 
grams, while only a small target area sit- 
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Fic. 10. Severe head trauma. (4) Upper echogram; midline echo shifted 6 mm. to the right. 
(B) Lower echogram 3 days later; midline echo has receded to normal position. 





Fic. 11. Right-sided subdural hematoma (autopsy); ‘ic. 12. Left-sided cerebral infarct (autopsy); 
5 mm. left displacement of midline^echo. 4 mm. right displacement of midline echo. 
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uated somewhat more posteriorly and less 
easily displaced is exhibited in the echo- 
gram; and these differences account for the 
discrepancies between the two diagnostic 
methods. The discrepancy is least when 
the position of the internal cerebral vein 
is chosen for reference instead of the an- 
terior cerebral artery. 

For purposes of standardization, mid- 
line echo determinations should be com- 
pared whenever possible with: (1) the an- 
terior cerebral or pericallosal artery for 
lesions situated in frontal regions; (2) the 
internal cerebral vein for the medial 
regions; and (3) the pineal body for slightly 
more caudad areas (Fig. 13 through 15, 
inclusive).? 

DISCUSSION 

Our initial experience is too limited to 
permit conclusions, but we have vet to en- 
counter a true displacement of the vascular 
cerebral structures not detected by the 
echogram. Conversely, cases found to have 
an echographic shift were confirmed later 
by angiography. Furthermore, never have 
we had a disagreement between echo- 
graphic and angiographic findings. Never- 
theless, it has always been our policy 
for safety's sake to confirm midline dis- 
placement by repeated examinations. The 
painless, quick and safe determination of 
midline structure shifts by echography 1s 
impressive. The presence of space-occupy- 
ing lesions in the supratentorial part of the 
brain can be readily indicated except when 
bilateral lesions are present not associated 
with midline displacement. 

Echoencephalography is not a substitute 
for other diagnostic methods. When a mid- 
line shift is found, confirmation by angiog- 
raphy seems advisable except in cases of 
severe head trauma or other conditions in 
comatose patients presenting clear clinical 
signs of compression with no lateralizing 
signs. In such instances, if an increasing 
shift is revealed bv repeated echograms, 
surgical interference may become war- 
ranted. 
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SUMMARY 


Ultrasonic echo sounding is at present 
being used in diagnostic medicine in several 
fields. This presentation is concerned prin- 
cipally with ultrasonic measurement of 
brain midline displacement. 

By sending an ultrasonic beam through 
the skull, it is possible to obtain the re- 
flected echo of the midline brain struc- 
tures. The location of this echo depends on 
the distance between these structures and 
the lateral wall of the skull. Any condition 
that tends to displace the midline struc- 
tures will displace the position of the echo. 
Even cerebro-atrophic processes can be de- 
tected by measuring the third ventricle 
width, while in hydrocephalus, it 1s possible 





Fic. 13. Right-sided glioblastoma multiforme (bi- 
opsy). (4) Left displacement of the anterior cere- 
bral artery. (B) Midline echo displaced 7 mm. to 
the left. 
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Fic. 14. Left-sided glioblastoma multiforme: (£) 
Venogram; internal cerebral vein displaced to the 
right. (B) Four mm. right displacement of midline 
echo. (C) Brain scan showing location of tumor 
stain. 





to determine the thickness of the remain. 
ing cerebral laver or the expanded inferior 
orn of the lateral ventricle. 

One hundred and fifty-five patients 
yave been examined by echoencephalog- 
raphy in the last 11 months. These include 
yealthy patients and those with tumors, 






























Iie, 1g, Left-sided recurring ghoblastoma multi- 
forme (biopsy). (4) Right displacement of the 
pineal. (5) Four mm, right displacement of mid- 
line echo. 
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intracranial metastases, cranial traumas, 
hematomas and cerebral thrombosis. All 
cases of confirmed midline shifts were 
detected by echography. 

Echoencephalography is not a substitute 
for other diagnostic methods; it is, how- 
ever, an easy and atraumatic way of pro- 
viding evidence of midline displacement, 
thus indicating the presence of space- 
occupying lesions. 


J. Gershon-Cohen, M.D. 
Department of Radiology 

Albert Einstein Medical Center 
York and Tabor Roads 
Philadelphia, Pennsylvania 19141 
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ECHOENCEPHALOGRAPHY IN GENERAL 
HOSPITAL PRACTICE 


By MARC 


S. LAPAYOWKER, M.D, 


and GERALD E. CHRISTEN, B.E.E. 


PHILADELPHIA, PENNSYLVANIA 


CHOENCEPHALOGRAPHY is the 
term which has been applied to the use 
of ultrasonics in determining the location of 
various structures within the skull, particu- 
larly the position of the midline. The use of 
a beam of pulsed ultrasound for this pur- 
pose was first reported in 1955 by Leksell.’ 
Several additional reports on this method 
have appeared in the medical literature 
since that time. Most of these have 
come from centers specializing in the treat- 
ment of neurologic diseases. The present 
report is designed to present the results of 
723 echoencephalographic examinations 
and to evaluate the place of echoencephalog- 
raphy in a general hospital situation. The 
patients studied were all referred for radio- 
graphic examinations of the skull because of 
neurologic disease, trauma, otologic prob- 
lems, or medical conditions with possible 
associated intracranial changes. 
Ultrasonics refers to sound which has a 
frequency of over 20,000 cvcles per second. 
The ultrasonic waves are produced by elec- 
trical stimulation of a piezo-electric crystal 
which acts as a transmitter and receiver. 
Rapid voltage variations are produced by a 
high frequency generator which causes the 
production of bursts of ultrasonic pulses. 
These last for only a fraction of a second 
followed by a relatively long “dead-time.” 
During this interval the crystal or trans- 
ducer acts as a receiver for reflected ultra- 
sonic pulses. The incoming pulses are then 
converted to electric potential variations 
which can be presented on a cathode-rav 
oscilloscope. The deflections produced in 
this manner, are, in this examination, pre- 
sented in a display perpendicular to the 
linear time sweep of the oscilloscope. The 
distance of the deflections from the initial 
pulse created by the edge of the transducer 
is related to the time necessary for the ul- 
trasonic waves to travel from the crystal to 
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the point of reflection and back to the 
transducer. Ultrasonic waves travel at 

varying speeds in different solid and liquid 
media. The waves interact with matter by 
absorption, reflection, refraction and dit- 
fraction, At an interface between sub- 
stances of varying acoustic impedance, 
some of the ultrasound waves will be re- 
flected directly back along their initial 
course and picked up by the transducer. 
The proportion acting in this manner de- 
pends upon the specific acoustic impedance 
at the interface and the angle at which the 
beam strikes the interface. 

The intensity of the ultrasonic beam 
used for this examination is extremely low, 
approximating O.0005 to O.O2 watts per 
square centimeter. Considerable experi- 
mental work on animals using this level of 
power has not shown any detectable dam- 
age or teratogenic effect to date." 

The equipment used in all of our 
has an operating frequency of 2.25 mega- 
cycles.* The transducer is a barium titanate 
crystal with a flat applicator surface meas- 
uring 1.9 cm. in diameter. 


Cases 


METHOD OF EXAMINATION 
Evaluation of the location of the midline 
structures within the skull by echoen- 
cephalography is ordinarily a rapid, simple 
examination. The flat surtace of the trans- 
ducer is placed against the scalp just behind 
and above the ear. Since air is completely 
reflective to ultrasound waves, a liquid or 
solid coupling material is needed for con- 
tact. Plain tap water has proven to be an 
excellent coupling medium. The transducer 
should be placed Just below the hair line if 
possible since small amounts of air trapped 
around hairs may give rise to multiple 
confusing echoes. While observing the 


* Ekoline 20--Smith-Kline Precision Co, 
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Fic. r. Normal echoencephalogram. The salhent 
features shown are the initial group of deflections 


or "main bang" from the erystal itself and the near 
side of the skull (1), the midline spike, Eun on 
the left to right trace presents as a double spike, 
probablv from the walls of the third ventricle (2), 
and the far side echo, made up of echoes from the 
meninges, inner and outer skull tables and the air- 
skin interface (3). 


oscilloscope screen, the transducer is gently 
rocked against the scalp until a strong mid- 
line echo spike and a satisfactory return 
from the far side of the skull are obtained. 
A picture is then made on the Polaroid 
camera, utilizing one half of the frame. The 
usual convention is to start on the right 
side utilizing the upper half of the frame, 
then from left to righ t using the bottom 
i uf, Bs PM er is om plac ed against 


i m of E EN used in a 215 o I 
is then possible to compare directly the 
echoes from both sides. This method is the 
A-Scan display. 

The nor mal e choenceph alogram (Fig. 1) 
shows (1) a "main bang" from the crystal 
and echoes from the near side of the skull, 
(2) a prominent midline echo and (3) re- 
turns from the far side of the skull. The far 
side PUE pu bd of several is. S 
inner zu DIE: E = of the skull and p 
skin-air interface. It is extremely impor- 

tant that the "far-side" echoes are directly 
opposite when the two sides are compared. 
These may vary 1f asymmetry of the head 
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exists in which case corrective measure- 
ments can be made. 

Phe midline echo is often a character- 
istic. thin prominent spike. Frequently, 
with spreading of the tracing, two c. 
may be obtained, presumably from the 
third ventricle walls. Good correlation has 
been obtained with two midline spikes in 
cases of proven dilatation of the third ven- 
tricle (Fig. 2). Because of this—the posi- 
tioning of the transducer and the known dif- 


ference in acoustic impedance s Iiq- 


uid and brain substance—we feel that the 
usual midline echo is probably arising from 


the posterior portion of the third ventricle. 
From several examinations done during 
pneumoencephalography, it has been shown 
that the usual position of the transducer 
during echoencephalography is over the 
posterior portion of the third ventricle and 
the upper part of the aqueduct of Sylvius 
(Fig. 3). Sheht divergence of the beam could 
encompass the pineal gland and posterior 
septum pellucidum. There has been con- 
siderable controversy over the exact source 
of the midline echo and Jeppsson*? feels 
strongly that the pineal gland is the source 
of the midline echo. There has been no 
generally accepted source for the echo 
among workers in the field to date. 





Fic. 2. Echoe nceph alogram in patient with almost 
complete occlusion of the fourth ventricle and gen- 


eralized ventricular dilatation. The double spikes 
correspond exactly to the position of the walls of 
the third ventricle. 
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The range of variation from exact sym- 
metry of the midline echoes when the sides 
are compared has been previously re- 
ported.'? It is generally agreed that a calcu- 
lated midline eal of more than 


3 mm. in adults and 2 mm. in children 
should be considered abnormal and indica- 


tive of a signihicant shift. There are several 
methods of measurement if the skull is 
asymmetric, Variation in the method of 
presentation and recording, and magnifica- 
tion and slight degrees of rotation of roent- 
genograms, in addition to calcification in 
only a portion of the pineal gland, certainly 
make highly critical measurements of less 

than 1 mm. impractical and questionable 
for purposes of correlation. In cases where 
a midline echo is difficult to obtain or seems 
to vary in position, an averaging method 
using the “B-Scan” display can be used for 
verification? 


DISCUSSION 


This method of echoencephalography has 
been used primarily as a supplement and 
complement to routine roentgenography of 
the skull. [ts use for estimation of the mid- 
line structures of the skull has been evalu- 
ated in many large series besides this report. 





Fic. 4. (4) Ventriculogram shows generalized dila- 
tation of the third and lateral ventricles in a pa- 
ient with pinealoma. (2) Echoencephalogram 
shows a correspondin g deflection caused by the 
walls of ue wide cee mene [ele On pie left. to 


x 


may be arising iom i septum S or av 
tumor itself. 


Tn addition to the midline echo, there are 
other echoes obtained from examination 
of the skull which have proven to be of 
value. The presence of an enlarged third 
ventricle has been noted and proven in 
several cases of hydrocephalus, in a case of 
tuberculous meningitis with occlusion of 
the fourth ventricle rs in a da with 





: TM vation ig Pimealoma (Fig. 4, Z and B). The twin 
Fic. 3. Position of transducer during examination is ikes presumably representing : salle 
noted by lead markers placed during pneumo- Spices TEGSHUM ; Py QOEM Met 
encephalograph y. The position is over the inferior- of the third ventricle have been obtained 


posterior portion of the third ventricle. in many other cases and their position cor- 





Fic. 5. The left to right trace shows characteristic 
defle tions at a site corresponding to the usual 


position of the walls of the posterior portion of the 
body of the lateral ventricles, 1.3 cm. from the 
midline, 


relates well with a previous roentgeno- 
graphic study of the size of the third 
ventricle at different ages,’ 

Echoes have also been obtained from an 
area consistent with the position of the wall 
of the lateral ventricle in 66 cases (Fig. 5). 
The reflection would be in the region of the 
atrium of the lateral ventricle judging by 
its location and the position of the trans- 
ducer on the skull. Multiple proven and 
unproven reflections have been noted be- 
tween I.4 and 2.2 cm. from the midline. 
This position would correlate with the 
posterior portion of the atrium of the lateral 
ventricle. Untortunatelv, this does not ex- 
plain why echoes are not obtained from the 
temporal horn, unless one can theorize that 
the absence of any large section of ven- 
tricular wall perpendicular to the beam 
does not allow a reflection from this area to 
be picked up bv the transducer. 

Tumor echoes have been reported by 
several other investigators. In our series 
there were 27 tumors. In only one of these 
cases was a persistent, constantly repro- 
ducible group of echoes obtained from the 
region of the tumor (Fig. 6, Æ and 5). This 
lesion was proved to be a Grade 1v glio- 
blastoma multiforme, as were several other 
tumors in the group which did not present a 
characteristic echo. Two other cases showed 
similar echoes from the region of a known 
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stant. 

Of interest in this group was the finding 
of a midline shift roentgenographically in 
only 14 of 27 cases. The nondisplacing 
tumors were mostly in the posterior fossa, 
but included two supratentorial invasive 
gliomas, 

a 2 putas D Dan iari ; 


e findings were not con- 


Pu site o sunset. 
To date, 13 patients with subdural 
hematoma h ave been examined. In no case 





Fic. 6. C4) 1 


an area of in- 


The isotope scan shows 
e activity M in oe left ee which 
to be a ghoma, (B) 


Echoe Den ea. pie ed à consta nt, com- 
pletely reproducible group of echoes from the 
region of the tumor with a corresponding displace- 
ment of the midline structures. 


oboo Na. 4 
was a reflection obtained from the interface 
between the pia mater and the subdural 
collection during routine examination in 
the acute phase (Fig. 7, .7, B and C). 





GT) Echoencephalogram showing a marked 


hie. 5. 
midline displacement of 22 mm. toward the right 


side. (B) Arterial phase of the left carotid arterio- 


gram showing a corresponding displacement of 


anterior and middle cerebral artery groups toward 
the right by a subdural collection. (C) Venous 
phase shows displacement of the internal cerebral 
vein and separation of cortical veins from the inner 
table of the skull by the proven subdural hema- 
toma. 
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A prominent echo-spike was obtained 
from the interface of a chronic subdural 
hvgroma in a 22 year old patient, whose 


history probably dated back at least 
years. 
One small but extremely interesting 


group of patients was encountered in this 
series. Four patients were examined whose 
routine roentgenography of the skull 
showed an apparent shift of pineal calcifica- 
tion. Routine roentgenography, inciden- 
tally, includes stereoscopic views in the 
posteroanterior, lateral and Chamberlain- 
Towne projections. One of these patients 
was reterred to our neurosurgical depart- 
ment from another medical center for the 
further evaluation of this problem. In all 
of these cases, the echoencephalogram was 
normal with no evidence of midline shift. 
One patient, a female medical student, had 
suffered a minor head injury and was not 
studied further since her clinical condition 
was and is excellent. The other 3 patients 
were further examined by arteriography 
and pneumoencephalography with no evi- 
dence of a space taking lesion or other ab- 
normality. 

In retrospect, we feel that the calcifica- 
tion seen on the plain skull roentgenograms 
is probablv within a lateral portion of a 
large pineal gland or in the free edge of the 
tentorium adjacent to the incu and 
habenular region. 

In our single case of bilateral subdural 
hematoma in this group, the midline was 
shifted due to a much larger collection on 
one side. However, with equal bilateral 
subdural hematomata no midline shift 
might be expected. This again indicates that 
this method is a supplement to the usual 

clinical and roentgenographic examinations. 

In general hospital practice, one of the 
most valuable and helpful uses of echo- 
encephalography has been in examining pa- 
tients who are not able to be studied 
roentgenographically with any ease. This 
group includes postoperative neurosurgical 
patients, and particularly trauma cases. 
Two postoperative patients were found to 
have subdural hematomas after echoen- 


kos 


cephalography demonstrated a shift of the 
midline structures. 

Ninety-two patients in our series were 
examined because of trauma. The method 
lends itself to immediate usage in the ac- 
cident dispensary or at the bedside. Many 
of this group were children where there is no 
possibility of pine eal calcification. With a 
negative ku DE following head 


tion, Pree Onn Purus 
were almost never performed. This has 
added many unproven and repeated ex- 
aminations on the same patient to our 
series but the examination has been of con- 
siderable value to the neurosurgeons in this 
situation. 

Several patients in the group were ex- 
amined at the bedside because of multiple 


severe injuries. Variations in the position of 


the midline could be followed on a daily 
basis and further roentgen studies were 
performed only if the patient’s clinical con- 
dition and echoencephalogr aphic findings 
indicated the necessity for possible neuro- 
surgical intervention. Echoencephalog- 
raphy may prove to be of value in smaller 
institutions where immediate neuroradio- 
logic and neurosurgical procedures are not 
readily v available. 


RESULTS 


For the present report we have reviewed 
a series of 648 patients referred to the De- 
partment of Radiology for examination of 
the skull for varving reasons. All of the pa- 
tients except 3 had, at least, a roentgeno- 
graphic examination of the skull. Correla- 
tion of the results of echoencephalography 
was made with pineal calcification on plain 
roentgenograms of the skull, the position of 
vessels on arteriography id the position of 
the third ventricle on pneumoencephalog- 
'aphv or ventriculography. 

Seven hundred and twenty-three ex- 
aminations were performed on the 648 
patients. Of this number, the position of 
the midline was confirmed  roentgeno- 
graphically in 358, by correlation with one 
of the previously noted methods. Almost 
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all of the roentgenographically unconfirmed 
cases showed a clinical correlation with the 
echoencephalographic findings. Several 
cases showing abnormal echoencephalo- 
grams could not be confirmed because of 
the patient's poor general condition. and 
the wish of the referring physician not to 
subject the patient to further study. Sev- 
eral others showed abnormal echo findings, 
but their good clinical condition has so far 
not warranted further roentgenographic 
study. The age of the patients ranged from 
newborn to 93 vears and the sex distribu- 
tion by age is shown in Table 1. It can be 
seen that the younger age groups are pre- 
dominantly male, primarily examined be- 
cause of trauma. 

The reasons for referral to the depart- 
ment for roentgen examination of the skull 
varied. Most of the patients presented with 
symptoms of intracranial disease. This 
group included 524 patients. Ninetv-two 
patients were seen following head trauma. 
T he remaining patent: were ED for 





Cr aan SUI n Bui RH 
matic intracranial changes. 

The examinations in 360 cases could not 
be correlated roentgenographically since 
no pineal calcification was present on the 
plain roentgenogram of the skull and their 
clinical condition did not indicate the need 


TABLE I 


AGE AND SEX DISTRIBUTION 


Le. 33 T 
Mri 32 25 
die 53 i 
390759 44 35 
40749 47 22 
507 $9 61 55 
60-69 si 3h 
70779 m 3 
90-89 4 ; 
90799 I o 
2595. rl 


Youngest newborn; oldest—93 years. 
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TaBe II 
ROENTGENOLOGICALLY VERIFIED CASES 


1. No Midline Displacement 307 cases 
Errors 5 cases 
Accuracy 98% 
2. Midline Displacement 51 cases 
Errors 7 cases 
Accuracy 87% 
Over-all accuracy-—96.6%. 


for additional studies or, in a smaller num- 
ber of cases, because of death. 

The results of the roentgenologically 
verified cases are presented in Table rr. 

The accuracy in cases where no midline 
displacement was demonstrated was 98 per 
cent. Of the 5 errors in this group, 3 were 
due to the initial display of only one wall of 
a dilated third ventricle. These were later 
demonstrated to have a prominent double 
spike which did not manifest itself initially. 
These errors were all encountered early in 
our series and may be correctable with fur- 
ther experience. 

Of the group with midline shift, only 87 
per cent were correctly reported. Four of 
the 7 errors were in cases of subdural 
hematoma. It is possible that the location 
of the subdural hematoma was too high for 
the usual positioning of the transducer, but 
the position of the internal cerebral vein 
seen on the arteriogram in these cases sug- 
gests that the echoencephalogram should 
have shown a shift. It may be that reflec- 
tions were obtained from the lower portion 
of an undisplaced third ventricle while the 
internal cerebral vein was displaced, but 
air studies were not performed. 

The over-all accuracy of the method, 
over 96 per cent, suggests that the study is 
indeed worthwhile and warrants further use. 


CONCLUSIONS 


A large number of patients has been 
examined by echoencephalography under 
conditions of general hospital practice. The 
over-all accuracy of the method has been 
96.6 per cent, suggesting that this method 
is a worthwhile supplement to the usual 
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procedures in the evaluation of intracranial 
problems. In addition to the usual midline 
position, other information about intra- 
cranial structures has been obtained and 
correlated with angiography, air studies 
and isotope scanning. 


Marc S. Lapayowker, M.D. 
Department of Radiology 
Division of Diagnosis 

Temple University Hospital . 
3401 North Broad Street 
Philadelphia 40, Pennsylvania 


We wish to thank the Department of Neuro- 
surgery for their cooperation in this project and 
Mr. Jack Taylor, our medical photographer, for 
his excellent reproductions. 
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ANATOMIC LOCALIZATION OF MIDLINE ECHO 
IN SONOGRAMS OF THE BRAIN* 


By JAMES R. BRYLSKI, M.D.,+ end JOSEPH L. IZENSTARK, M.D.t 


ATLANTA, GEORGIA 


HE reluctance to accept sonography 

as a valid procedure in the evaluation 
of cerebral displacement persists in spite of 
almost a decade of extensive clinical appli- 
cation. This hesitancy appears unjustified 
inasmuch as verification of the results of 
the ultrasonic technique by angiography 
and pneumoencephalography exceeds go 
per cent.^55 Conflicting reports as to the 
source of origin of the midline echo are in 
part responsible for this continuing skepti- 
cism. Studies have implicated many struc- 
tures, prominent among which are the 
septum pellucidum,* longitudinal cerebral 
fissure,? third ventricle,? and the pineal 
body." Thus, the acceptance of echoen- 
cephalograms remains limited since the 
clinician requires not only the knowledge of 
cerebral displacement, but also a reason- 
able estimate of the area undergoing shift. 
The present report attempts to establish 
a more specific anatomic source of the mid- 
line echo. 


TECHNIQUE AND CLINICAL MATERIAL 


The ultrasonic instrument* used for all 
determinations in this study emplovs a 2.25 
megacycle, three-fourth inch round ceramic 
transducer with a half inch element. 
Calibrated records are obtained from an 
operating oscilloscope on Polaroid film. The 
method of examination is similar to that 
described by Smyth.® This consists of 
paired readings taken from symmetrical 
points on opposite sides of the cranium ap- 

* Ekoline 20 Diagnostic Ultrasonoscope, manufactured by 


Smith-Kline Precision Co., 1g00 Spring Garden Street, Phila- 
delphia, Pennsylvania, 


proximately 1.5 to 2 cm. above and slightly 
posterior to the external auditory canal. 

Ten patients were used in this study, 
ranging in age from 13 to $9 vears with an 
average age of 37 vears. Males and females 
were equallv represented. In each, the echo 
was easily obtained and was midline. Pa- 
tients with evidence of cerebral shift or in- 
creased intracranial pressure were excluded. 

METHOD AND RESULTS 

The assumption that a specific anatomic 
structure accounted for the typical midline 
echo was based on several observations 
made during routine examination. First, in 
order to produce the characteristic midline 
response, the transducer must be placed on 
a specific site in relation to the cranial 
vault, usually 1.5 to 2.0 cm. above and 
slightly behind the external auditory canal. 
Minor deviationof thetransduceraway from 
this position results in the loss of the char- 
acteristic midline response. This suggests 
that the structure responsible for the echo 
is relatively small. Second, in a few pa- 
tients, the midline response cannot be ob- 
tained even though considerable effort is 
made to ensure optimum placement of the 
transducer. This raises the possibility that 
the midline source was not present; or if 
present, was of insufficient density to pro- 
duce a detectable response. Third, the 
width of the midline echo, as determined in 
successive patients, 1s variable. This indi- 


line response has a finite lateral dimension 
which in some normal subjects exceeds 
several millimeters. 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 29- 


October 2, 1964. 
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i. Determination of ultrasonic trajectory 
with the arc-template. 


Fic. 


To substantiate these speculations it is 
necessarv to document the plane of the 
sound source as it traverses the cranial 
vault. This was accomplished by attaching 
the transducer to a rigid arc- template. The 
midline echo is located by moving both the 
transducer and the template (Fig. 1). Since 
sound travels in a Su line, the plane 
passing from the transducer to a point 180° 
from it defines the trajectory of the re- 
P sou dd T ui oe pa poe 
Sie to d SC ae at Ps tinus er site n 
to the site on the opposite side of the cranial 
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vault as defined bv the arc-template. In 
each case studied, the sound beam was es- 
tablished from both sides of the cranial 
vault. Initiallv, two pins were used when 
scanning from right to left, and an addi- 
tional two when scanning from the oppo- 
site direction. With experience, it was 
eventually possible to use only one set of 
pins representing the trajectorv of sound 
from both directions. 

Having thus established. the | 


D 


d plane and 
the midline location of the ultrasonic re- 
sponse, anatomic visualization was ob- 
tained by combining this technique with 
pneumoencephalography. In the 4 patients 
examined in this manner, a lumbar air 
study immediately followed pin placement. 
Figure 2.7 shows a case in which this com- 
bined technique was utilized. The pneumo- 
gram demonstrated atrophy of the caudate 
nuclei compatible with the clinical diagno- 
sis of Huntington’s chorea. The pins which 
are posteriorly directed represent sound 


scanning from right to left; those ante- 
riorly directed define the left to right 


In the study shown, the two 
D n pins D and their 


trajectory. 
poster one 


Me 


Sind Dun. [ee of the eua so that 





Fic. 2. G7) Documentation of sound trajectory from both sides of cranial v 
template. Superimposed pins define the sound plane from right to left and cover pineal area as demon- 


strated on the pneumogram. Antenorly 


rault after pin placement with arc- 


directed pins, although not superimposed in this illustration 


also cover pineal area. (JB) Diagonal lines illustrate sound trajectory through the cranial vault as viewed 
from an anterior plane. In this projection these lines intersect at the point of origin of the echoencephalo- 


graphic response. 
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the anterior pins are superimposed pro- 
duces a similar result. Figure 25 is an 
anteroposterior projection of the same e pa- 
tient. The diagonal lines extend from the 
a described on the previous roentgeno- 
gram (Fig. 2.7) and define sound trajectory 
AN the cranial vault as viewed from 
an anterior plane. In this projection, these 
lines intersect at the point of origin of the 
echoencephalographic re esponse. 
Observations on the 4 patients studied 
are presented in Figure 3. Each symbol 
d iy as i red : ul the ne 
tures, T he ic area was im ele in 3 
of the 4 cases. In the fourth subject the 
point of origin of the midline echo appeared 
to be a prominent supra-pineal recess. 
Roentgenographic calcification of the pineal 
as present in onlv 1 of these cases 
Localization to the pineal area proi pted 
a modification of approach in that the arc- 
template technique was next performed on 
6 patients with roentgenographically calci- 
hed pineal bodies. This simplification elimi- 





Fic. 3 
oe m echo in 4 patients studied with arc- 
template and pneumography. The symbols repre- 
sent trajectory of sound beam through midline 
structures. The pineal gland was implicated in 3 
of the 4 patients. 


Composite illustration indicating source of 
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Fic. 4. Superimposed pins define sound trajectory 
from both sides of cranial vault. This plane passes 
through the rostral half of the calc lefed pineal 
gland. 


nated the use of air although in the previous 
series the stereotactic method did 3 
preceded pneumoencephalography. b 

4 Shows the result obtained in a 41 year Fold 
female with rheumatic valvular disease. In 
this case the superimposed pins define the 
sound trajectory from both directions and 
pass through the superior aspect of the 
pineal calcification. 

The ep results 

illustrated in Figure g. The 


of this series are 
t1 3angular s SV m. 


the dud of the sound 


Fic. c. Symbols define 
beam as it was related to pineal calcification in the 
6 patients studied. 





RIGHT SKULL 





PARIETAL ECHO 
Hi 15,6 
15,6 B. 1:3 
SKULL MEDLINE CALCIFIED LEFT 
ECHO PINEAL PARIETAL 


Fic, & Diagram illustrates the echo obtained from a 
patient with a large calcified pineal gland. The 
ultrasonic response of to mm. is within 1 mm. of 

the roentgenographic pineal measurement, 


bols define the trajectory of the sound 
beam. The localization of the source of the 
midline echo by this technique corresponds 
to the position of the calcified pineal body 
in each of the 6 studies. 

The patients in Figure 6 and 7 are pre- 
sented because thev provide roentgeno- 


cthed pineal bodies and demonstrate 
another characteristic of the midline echo. 
As in the previous studies, the pineal gland 
was documented by the arc-template to be 
the source of the midline response. In each, 
it was also possible to determine the width 
of the ultrasonic response and to compare it 
to the width of the roentgenographically 
calcified pineal gland. In the first patient 
(Fig. 6) the ultrasonic width of 10 mm. was 
within 1 mm. of its roentgenographic coun- 
terpart after the latter was corrected for 
image amplification. The width of the 
roentgenographically calcified pineal gland 


in the second case (Fig. 7) was demon- 
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strated with comparable accuracy by ultra. 
sound. In addition, it was also possible to 
delineate the central radioluceney by 
sonography. 


DISCUSSION 

Opinions as to the anatomic origin of the 
midline echo are as numerous as the tech- 
niques used in its determination. The effi- 
cacy of any approach depends on its ability 
to define the anatomic source of the midline 
echo without altering the physical charac- 
ies on cadavers probably do not fulfill this 
requirement. The acoustical impedance of 
postmortem material may vary consider- 


tical trajectory, are altered after death. 
Extraneous spikes, nonexistent during life, 
make their appearance. These can be of 
such number and amplitude as to obscure 
or distort the midline echo. Attempts to 


* 


obliterate the midline echo by removal or 





RIGHT 
PARIETAL 





16,2 &,T 74 
SKULL CALCIFIED LEFT 
ECHO F j| NEAL PARIETAL 
Fic. 7. Diagram illustrates quantitative documenta- 
tion of ring-like pineal calcification by ultrasound. 
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modification of specific anatomic structures 
are limited by artifact produced during 
manipulation of cerebral tissue. Tech- 
niques which alter acoustical impedance 
during life are also subject to criticism. 
Methods utilizing pneumoencephalography 
to document the source of the normal mid- 
line response are potentially unreliable be- 
cause of the introduction of air into spaces 
previously filled with cerebral spinal fluid. 
Under these circumstances, delineation of 
the third ventricle as well as the cisterns is 
to be expected. That these structures ac- 
count for the midline response of the rou- 
tine echoencephalogram must be accepted 
with reservation. In the present study, this 
objection is obviated by utilizing the arc- 
template to determine the midline echo 
prior to the introduction of air. 

It is possible that calcification of the 
pineal body may account for its effective- 
ness as a source of the midline echo. Ade- 
quate echoencephalographic results, how- 
ever, do not depend on roentgenographic 
visualization. In this study, 1t was possible 
to confirm the pineal localization with or 
without demonstrable calcification. 


SUMMARY 


The results of this study confirm the clin- 
ical impression of a specific circumscribed 
anatomic source of the midline echo. The 
trajectory of the ultrasonic beam passed 
consistently through the pineal body in all 
but 1 of to subjects considered. In the 1 
subject the sound beam passed through a 
prominent suprapineal recess. Further sub- 
stantiation of the pineal origin was provided 
bv the ability to correlate roentgenographic 
and sonographic width of the pineal gland. 
The conclusion that the source of the echo 
corresponds to the position of the pineal 
bodv confirms previous reports that the 
sonogram may fail to demonstrate dis- 
placement in association with lesions pro- 
ducing predominantly anterior cerebral 
shift.^*:5 These observations do not neces- 
sarily exclude the possibility of other ana- 
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tomic areas. They do, however, suggest 
that the information provided by the rou- 
tine echoencephalogram parallels that 
which can be derived from the roentgeno- 
graphic localization of the pineal body. 


James B. Brylski, M.D. 
80 Butler Street 
Atlanta, Georgia 30303 
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POSITIVE BRAIN SCAN IN NON-SPACE- 
OCCUPYING LESIONS* 


By YEN WANG, M.D., D.Sc. (men.), end J. A. ROSEN, M.D. 


PITTSBURGH, 


ECENT advances in neuroradiodiagnos- 
tic methodology have included radio- 
isotopic brain scanning. In this procedure, 
it is presumed that a cerebral lesion will be 
detected 1f it disrupts the blood-brain bar- 
rier, With the use of more sensitive instru- 
ments, more specific radioisotopic prepara- 
tions and improved technique, this study 
has become a reliable indicator of cerebral 
neoplasms and other space-occupying le- 
sions such as arteriovenous malformations, 
brain abscess, cerebral granuloma, and 
others. 

Also, there have been scattered reports of 
the acson findings of localized in- 
creases of tracer uptake by encephalomala- 
cic lesions due to vascular occlusive disease. 
With one exception—these have all been in 
the acute phase. The problem ot differen- 
tiating these positive scans from those due 
to mass lesions immediately comes to mind. 
However, little data have been reported on 
sequential scans in individual stroke pa- 
tients, 

We have recently had the opportunity to 
follow several patients whose clinical course 
and angiographic findings were quite typical 
of encephalomalacic rather than neoplastic 
processes. All of these patients had definite 
localized areas of increased uptake of Hg? 
radioisotope. These areas corresponded well 
with the clinical localization. These “‘posi- 
tive" scans were obtained in the first few 
weeks of the illness. Repeat scans were 
normal 4 weeks or later. Two representative 
cases are reported here. 


METHOD 
The patient is first given an intramuscu- 


lar injection of 1 cc. mercuhvdrin at ap- 


* p 


October 2, 1954. 


PENNSYLVANIA 


proximately 5:00 p.M. the evening before 
the Hg” neohydrin is to be injected. Ten 
microcuries of Hg? neohydrin per kilogram 
body weight is injected intravenously. Two 
and a half to three and a half hours after 
the Hg” neohydrin injection (except when 
vascular anomalies are suspected), the pa- 
tient is scanned with the Picker Magna- 
scanner. 
Because of the low count rate, a low 
"count per minute range differential" is 
used. The count rate is determined with the 
19 hole collimator over the area of highest 
radioactivity in the patient's skull (exclud- 
ing sinuses). The “high volt age" is adjusted 
to 1,000 volts (density of 1.8 on the photo- 
Scan: The collimator is moved away from 
the patient. The voltage should drop below 
700 volts, usually from 300 to $oo volts 
(density of 0.3 on the photoscan). The scan- 
ning speed is set at 36 cm. per minute and a 
spacing of 0.35 cm. is used with the small 
photoaperture. Speed is now constant, so 
density and dot factors are a function of 
count rate, ane Emm circuit E set 


are KE d "The views m pus 
scan are selected according to the clinical 
findings. At least two views are obtained— 
either posteroanterior or anteroposterior, 
and either right and/or left lateral. Oblique 
views are added when indicated. 


REPORT OF CASES 
Case 1. J. McD. was a £2 vear old man who 
had had several episodes of transient hemi- 
paresis since 1960. One of these episodes 
resulted in to days of hemiparesis and 
dysphasia in 1961. Complete recovery ensued. 


He was admitted to the Presbyterian-Univer- 


resented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 29~ 


From the Departments of Radiology and Medicine, Presbyterian-University Hospital, University of Pittsburgh, School of Medicine, 
Supported by the American Cancer Society Institutional Research Grant, University of Pittsburgh School of Medicine, 
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Fic. 1. Case 1. The initial Hgt” neohydrin brain scan 
on October 24, 1963 revealed a definite area of ab- 
normally increased radioactivity uptake. This was 
at the acute stage of the patient's disease. 


sity Hospital in October, 1963, because of the 
sudden onset of complete left hemiplegia. 

An examination revealed a flaccid left hemi- 
plegia and lower left facial paralysis. The pa- 
tient was mildly confused and obtunded and 
manifested both depression and a moderate 


Non-Space-Occupying Lesions 


817 


organic mental syndrome. There were several 
stigmata of cortical sensory loss on the left side. 

Cerebrospinal fluid was normal except for a 
protein of 72 mg. per cent, The skull roentgeno- 
grams were normal and failed to reveal any 
calcification of the pineal gland. The electro- 
encephalogram was abnormal but no clear-cut 
focus could be localized. A radioisotopic brain 
scan was made with Hg?? neohydrin on the 
third dav of the illness. This revealed a definite 
area of increased uptake in the right parietal 
region (Fig. 1). Because of the lack of clinical 
improvement and the marked organic mental 
syndrome, right carotid angiography was per- 
formed 8 davs after admission. This was en- 
tirely within normal limits. 

In the second week of the patient's illness, 
the brain scan was repeated and was again 
found to be "positive." In the fourth week, at a 
time when the patient had still failed to im- 
prove, a third scan was almost normal (Fig. 2). 
Over the ensuing 4 months, he gradually im- 
proved. When last seen in February, 1964, he 
had only a moderate left hemiparesis and 
hemisensory deficit but was markedly de- 
mented. 


Case 1t, E.H. was a 60 year old man who was 
well until 3 months prior to admission. At the 
time, his wife began to note frequent episodic 
confusion, forgetfulness, and a blunting of 





complete disappearance of the area of increased radioactivity uptake. 
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Fito. 3. Case rr. The initial Hg!* neohydrin brain scan on October 28, 1963 showed a definite 
area of abnormally increased radioactivity uptake. 


affect. Two months later, he began to note left 
sided headaches of increasing severity and fre- 
quency. One week prior to admission, he was 
hospitalized elsewhere because of an acute brain 
syndrome over a period of 36 hours. This con- 
sisted of marked central (syntactical) dys- 
phasia, confusion, and constant left sided head 
pain. No motor phenomena were observed. 
Routine studies, skull roentgenograms and 
cerebrospinal fluid were normal. A brain scan 
was made on the second hospital day using 
radioiodinated serum albumin.* This showed a 
definite area of increased uptake in the left 
parietal region. 

The patient was transferred to the Presby- 
terian-University Hospital on the eighth day of 
the acute illness. Examination revealed a 
marked central dysphasia, marked dysnomia, 
left-right confusion, dyschiria, and a right sen- 
sory extinction. There was absence of hemi- 
paresis, hyperreflexia, and confusion. The 
headaches had ceased. 

A repeat brain scan on the eighth day with 
Hg? neohydrin again revealed the increased 
area of uptake in the left parietal lobe (Fig. 3). 
Despite a definite improvement over the next 
few days, it was thought necessary to exclude a 
malignant glioma. Left carotid angiography 
was performed on the fifteenth hospital day. 
This failed to reveal a mass lesion or "tumor" 


* Medical and radioisotopic services of Dr. David Chamovitz, 
Aliquippa General Hospital, Aliquippa, Pa, 


vessel. Over the next 3 weeks, the patient im- 
proved to near normality. The last examination 
revealed only minimal dysnomic dysphasia. A 
third brain scan with Hg?” neohydrin was made 
in the fifth week and was normal (Fig. 4). 


DISCUSSION 


The first case demonstrated the typical 
course and clinical findings of encephalo- 
malacia of the right parietal region due to 
occlusive cerebrovascular disease, while the 
second had a progressive left parietal lobe 
syndrome with the problem of differentiat- 
ing between a rapidly expanding tumor and 





November 27, 1963 revealed complete disappear- 
ance of the area of increased radioactivity uptake. 
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progressive ischemia and infarction of a 
vascular basis. The angiograms clearly 
eliminated tumor in both cases. 

In McAfee and Taxdal’s‘ excellent series, 
patients with encephalomalacia of less than 
2 weeks’ duration had “positive” RISA 
scans. They cite many examples of old 
malacia of several months! duration with 
normal scans. One case of an old malacia 
with a "positive scan" was subjected to an 
unproductive craniotomy. Dugger and 
Pepper's? series contains 3 cases of increased 
radioisotopic uptake with malacic lesions, 2 
proven by angiography. However, the dura- 
tion of the lesions is not mentioned. In 1 
case, a repeat scan 4 weeks later was nor- 
mal. 

In the past 2 years, over 100 brain scans 
have been made on Neurology Service pa- 
tients with chronic encephalomalacic le- 
sions at the Presbyterian-University Hospi- 
tal and the Veterans Administration Hos- 
pital. These patients had all had “strokes” 
2 or more. months before the scans were 
performed and they were all reported as 
normal. In addition to the 2 cases described 
in this paper, an acute case has been re- 
cently evaluated by the Veterans Adminis- 
tration Hospital Radioisotope Service.* 
This case was clinically typical of acute oc- 
clusive vascular disedse, but angiographic 
confirmation was not deemed necessary. 
This man had a “positive” brain scan 
(RISA) in the first week of his illness and a 
"negative" scan at 5 weeks. T'wo other 
similar cases. were observed. Many series in 
the literature contain examples of “old 
strokes" with normal scans. 

Thus, it is seen, that lesions other than 
space-occupying neoplasms may alter the 
blood-brain barrier sufficiently to cause a 
localized area of increased uptake of vari- 
ous radioisotopic tracer materials. Among 
these is acute encephalomalacia due to oc- 
clusive cerebrovascular disease. Although 
the number of cases reported and referred 
to here is small, the almost invariable ab- 


* Dr. John Vester, Chief of Service at Veterans Administration 
Hospital, Pittsburgh, Pa. 
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sence of “positive” scans in large numbers 
of cases of more than 8 weeks' duration 
would seem to justify certain tentative con- 
clusions. Of course, it seems obvious that a 
“positive” brain scan which does not corre- 
late well with the clinical and other neuro- 
diagnostic studies should be viewed with 
caution. In this situation, if circumstances 
permit, repeat scanning in 4 to 6 weeks may 
be very useful and revealing. 


SUMMARY AND CONCLUSIONS 


Case histories are presented of 2 patients 
in whom the clinical course and the angio- 
graphic findings were quite typical of 
encephalomalacia. Both of these patients 
had definite areas of increased uptake of 
Hg neohydrin. These areas correlated 
well with the clinical features. Three other 
similar cases were also observed. 

The "positive" scans were obtained in 
the first week of the illnesses. Repeat scans 
in the second week were again positive, but 
in both cases, scans were normal at 4 weeks. 

These 2 instances and the many normal 
scans in patients with older melacic lesions 
suggest that acute encephalomalacia is not 
distinguishable from cerebral neoplasm by 
brain scanning. However, persistence of the 
localized area of uptake for longer than 4 to 
6 weeks is indicative of a cerebral neoplasm 
or some other lesion rather than encephalo- 
malacia. The fact that other than space- 
occupying tumors may be detected by this. 
method is re-emphasized. 


Yen Wang, M.D., D.Sc. (Med.) 

University of Pittsburgh School of Medicine 
Department of Radiology 
Presbyterian-University Hospital 
Pittsburgh, Pennsylvania 15213 


The technical help of Mr. Ronald T. Fabian with the 
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AIRWAY DYNAMICS IN BRONCHIECTASIS* 
A COMBINED CINEFLUOROGRAPHIC-MANOMETRIC STUDY 


By ROBERT G. FRASER, M.D., F.R.C,P.(C,f PETER T. MACKLE M, M.D., C.M,, F.R.C 


C.P.(C),t 


and WILLIAM G. BROWN, M.D., CM., F.R.C, P. (Of 
MONTREAL, QUEBEC, CANADA 


que Qua ication of combined cinefluo- 
rographic and manometric techniques 
to the study of the bronchial tree in recent 
years has revealed a significant difference in 
the dynamic activity of the bronchi in nor- 
mal subjects and in patients with certain 
obstructive lung diseases? Measurements 
of the caliber of several divisions of the 
bronchial tree in full inspiration and in 
forced expiration or cough have shown a 
disproportionate collapse of the lower-lobe 
bronchi on forced expiration in patients 
with chronic bronchitis or emphysema, in 
contrast to a uniform reduction in o of 
all bronchial divisions in normal subjects.! 
The recording of intrabronchial pressures, 
pleural pressure and air flow at the mouth 
simultaneously with | cinebronchography 
has revealed a large pressure drop across 
the collapsing bronchus on forced expira- 
tion in patients with chronic bronchitis and 
emphysema, compared with a gradual de- 
crease in pressure along the length of the 
bronchial tree in normal subjects, indicat- 
ing that the large airways, particularly the 
lobar bronchi, exert a significant effect in 
producing restriction of air flow on forced 
expiration in these obstructive airway dis- 
eases. Although the exact mechanism 
whereby this selective collapse occurs is not 
vet known, it has been reasonably assumed 
to be related, at least in part, to an intrinsic 
abnormality of the bronchial wall itself, 
possibly in the form of a softening which 
could conceivably induce abnormal flaccid- 
ity. 

In view of these observations on patients 
with chronic bronchitis and emphysema, it 


appeared reasonable to suspect that other 
diseases characterized by bronchial damage 
might show similar dynamic abnormalities. 
Our attention was thus directed towards 
bronchiectasis, the study of which it was 
felt might be productive of information 
that could supply further clues as to the 
nature of this phenomenon. 


DEFINITION OF BRONCHIECTASIS 


The traditional definition of bronchiec- 
tasis as the irreversible dilatation of one or 
more segmental bronchi is no longer ade- 
quate to separate the cylindrical or fusi- 
form variety of this disease from chronic 
bronchitis, the pathogenesis and clinical 
effects of which are different. A loss of nor- 
mal bronchial tapering is not an uncommon 
bronchographic finding in chronic bronchi- 
tis, * so that dilatation of a bronchus zz 
itself cannot serve as a distinguishing fea- 
ture. Since chronic bronchitis tends to be a 


generalized disease of the bronchial tree and 


cylindrical bronchiectasis localized, we pre- 
fer to regard anatomical distribution of 
bronchial dilatation as the main criterion 
for differentiation, and to restrict the diag- 
nosis of cylindrical bronchiectasis to that 
state in which bronchial involvement is 
localized to one or more segments, in the 
presence of normal bronchi elsewhere in the 
same lobe or lung. 


CASE MATERIAL 


The cinebronchograms of all patients 
with bronchiectasis examined by the cine- 
fluorographic technique since 1959 were re- 
viewed, and those in which the detail 


* Presented in part at the Twelfth Annual Meeting of the Association of University Radiologists, Chicago, Illinois, May 14-16, 1964. 
f From the Department of Diagnostic Radiology, Royal Victoria Hospital and the Department of Radiology, McGill University, 


Montreal, Quebec, Canada. 


i Jonathan Meakins Memorial Fellow of McGill University. From the Joint Cardio-Respiratory Service, Department of Medicine, 


Royal Victoria Hospital. 


Supported by the John A. Hartford Foundation, United States, and the Medical Research Council of Canada. 
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and contrast were of adequate quality to 
allow accurate measurement of bronchial 
calibers were selected. On this basis, 20 
cinebronchograms of 17 patients (3 had 
bilateral studies) became the subject mat- 
ter of the investigation. Combined cine- 
fluorographic-manometric studies in which 
bronchial calibers, intrabronchial and 
pleural pressures and air flow at the mouth 
were recorded simultaneously were per- 
formed in 4 instances (3 patients). 

Since some selection was used, the ratio 
of types of bronchiectasis in this series does 
not necessarily represent a true index of 
relative frequency. 


METHODS 


The technique of examination, methods 
of measurement and possible sources of 
error have been described in detail else- 
where.! Briefly, the equipment consists of a 
16-mm. camera with synchronized ex- 
posures recording from the output phosphor 
of a Picker 8-inch or g-inch image amplifier: 
the former employs a mirror system and 
the latter an image orthicon television sys- 
tem for fluoroscopic monitoring. Du Pont 
Cineray film was used exclusively, largely 
because of its fine grain and excellent de- 
tail. Dosage rates with both pieces of ap- 
paratus are within a reasonable range, 
amounting to 8 r per minute or less at the 
skin surface with the frame speeds com- 
monly used. Because of the rapidity with 
which bronchi close during forced expira- 
tion or cough, of the order of 30 milli- 
seconds or less, it was necessary to use 
frame speeds of 15 or, preferably, 30 per 
second to prevent blurring of images. 

After instillation of opaque medium, the 
patient was placed in the upright position 
and rotated under fluoroscopic control until 
maximal separation.of bronchi was ob- 
tained, generally at about 30? from the 
frontal plane. Tracheal and .bronchial 
movements were then recorded during quiet 
respiration, during maximal inspiration 
and forced expiration, and finally during 
violent coughing. 

Measurements of bronchial diameters 
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were made from single frames of the cine- 
film projected from a standard analyzer- 
type projector that reflected the image off 
a mirror on to a frosted-glass plate. Projec- 
tion distances were not critical since the 
factor of image magnification could be cor- 
rected through the presence of a radiopaque 
tip on the bronchial catheter; since the 
catheter tip was endobronchial in position 
and its precise length was known, true 
bronchial diameters could be deduced from 
the magnified measurements with only 
insignificant potential error. 

In all cases, measurements were made of 
the following bronchial segments: 

: I. The bronchus to the lower lobe, at a 
point within 5 mm. distal to the origin of 
its superior or apical segmental bronchus. 

2. One or more of the bronchiectatic 
segments within 5 mm. of their origin at 
bifurcation. 

3. One or more of the bronchiectatic 
segments at a point of their greatest dilata- 
tion. 

The maximal diameter in full inspiration 
and the minimal diameter in forced expira- 
tion or cough were measured at each site. 
There was little difference generally be- 
tween the minimal caliber reached on a 
single forced expiration and on a cough, al- 
though it was more difficult to teach pa- 
tients to carry 'out the former procedure 
well. Additional measurements of the main- 
stem bronchi and of the rightintermediate- 
stem bronchus were made in many cases, 
but these were: consistently within normal 
limits and, therefore, were not included in 
the final data. 

In 4 instances (3 patients), using a tech- 
nique described previously,’ measurements 
were made simultaneously during cine- 
fluorography, of intrabronchial pressure in 
a bronchiectatic segment and at other 
levels in the tracheobronchial tree, and of 
esophageal pressure and flow at the mouth. 
Briefly, bronchial pressures were measured 
through an air-filled side-hole vinyl cathe- 
ter that was kept patent by a constant 
flush of air from a compressed-air tank con- 
nected by a needle valve. Esophageal pres- 
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Airway Dynamics in Bronchiectasis 
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ANALYSIS OF 20 CINEBRONCHOGRAPHIC STUDIES PERFORMED ON I7 PATIENTS 
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* In most cases, figures represent an average of several measured segments, 


t Measurements could not be obtained for technical reasons. 


sure, which was used as an index of pleural 
oressure, was measured with an esophageal 
yalloon and catheter. Bronchial and eso- 
»hageal pressures were related to mouth 
pressure, using suitable differential pres- 
sure transducers.* Flow at the mouth was 
neasured either by pneumotachygrapht or 
oy differentiating spirometer.{ Each ex- 
posure of the cinefluorographic circuit gen- 
erated an electrical signal that was recorded 
on a multichannel recorder§ together with 
the two pressures and flow. Subsequently, a 
rame-by-frame measurement of airway 
liameter permitted assessment of bronchial 
caliber, the pressure inside it, pleural pres- 
sure and flow at the mouth. From the eso- 
»hageal or pleural pressure tracing, alveolar 
oressure was estimated by subtracting 


* Sanborn 267B transducers, 

T NIH large flow-meter with Stratham P.97-D strain-gauge. 
t Med-Science Electronics wedge spirometer. 

$ Four-channel Sanborn Polyviso. 


from the pleural pressure that caused by 
elastic recoil. 


RESULTS 
CINEFLUOROGRAPHY 

In Table : are listed the inspiratory and 
expiratory bronchial measurements ob- 
tained (columns 7, g and 11), the age and 
sex of the patient, thesideinvolved and the 
number of bronchiectatic segments. Col. 
umns 8, 1o and 12 show the percentage re- 
duction in caliber of each bronchial seg- 
ment from the maximal inspiratory to the 
minimal expiratory diameter, and it is to 
these figures that attention is specifically 
directed. 

When the figures for percentage reduc- 
tion in caliber were reviewed originally, it 
became apparent that the 20 bronchograms 
could be conveniently divided into two dis- 
tinct groups—one in which bronchial dy- 
namics were essentially normal (4 broncho- 
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grams), and a second, much larger, group of 
15 bronchograms in which dynamics were 
disturbed in a manner uniform in pattern 
although differing in degree. 

In the first group, reduction in caliber ot 
the main bronchi to the lower lobe and of 
the bronchial origins was 50 per cent or less 
and of the bronchiectatic spaces was 30 per 
cent or greater. The average expiratory 
reduction of the bronchiectatic segments 
(41 per cent) compared favorably with that 
of 45 per cent found in the same segments 
in 7 normal subjects! Average diameters 
on maximal inspiration in both the patients 
(Table 11) and the normal subjects were 
similar except that, in the former, the dila- 
tation and loss of tapering of the bronchi- 
ectatic segments themselves were reflected 
in an average caliber more than twice the 
normal (8.3 mm. compared with 3.6 mm.). 
Thus, it was apparent that, in these 5 pa- 
tients, the bronchial response to forced ex- 
piration was roughly proportional down the 
whole length of the bronchial tree, despite 
the presence of extensive disease in the 
peripheral divisions (Fig. 1, Z and B). 

By contrast, the second, considerably 
larger, group of 15 bronchograms (12 pa- 
tients) showed a striking departure from 
the normal pattern (Fig. 2 through 4, inclu- 
sive). With one exception (Case 18, Table 
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1), the lower-lobe bronchus showed a reduc- 
tion in caliber of £o per cent or more, and 
although this figure was common to certain 
patients in both groups, the average reduc- 
tion was significantly higher in the second 
group (60 per cent) than in the first (42 per 
cent). However, the factor that clearly 
segregated the two groups was the reaction 
of the bronchiectatic segments, both at 
their origins and at their points of maximal 
dilatation. As with the lower-lobe bronchi, 
the origins of the bronchiectatic segments 
showed a remarkable tendency to collapse 
on forced expiration or cough, the smallest 
reduction in caliber being 52 per cent and 
the average 60 per cent (Fig. 3, C and D). 
In contrast, these same segments at their 
points of maximal dilatation showed an 
exactly opposite response to cough; al. 
though the range was greater (o to 26 per 
cent), the average reduction in caliber in 
the second group was only 11 per cent com- 
pared with 41 per cent in the first group 
and 4$ per cent in the normal subjects. 
Thus, the difference between the two 
groups of patients was not so much in a 
dissimilarity in response of the same bron- 
chial divisions as in the combination of 
reactions of a// three segments in any one 
bronchial tree. In the first group, the re- 
sponse to forced expiration was roughly 





Fic. 1. Case 1. Cylindrical bronchiectasis. Representative cinefluorographic frames showing the maximal 
diameter on full inspiration (4) and the minimal diameter on coughing (B). Both the main lower-lobe 
bronchus (arrows) and the bronchiectatic segments show a normal and proportionate reduction in caliber 
on coughing, amounting to So per cent and 32 per cent, respectively, of their inspiratory caliber. 
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Fic, 2, Case 12 and 13. Varicose bronchiectasis, Representative cinefluorographic frames showing the maximal 
diameter on full inspiration (£) and the minimal diameter on coughing (B). Portions of both bronchial 
trees are included in the field. The main bronchi to both lower lobes (straight arrows) show a collapse of 
their lumina on cough, amounting to 75 per cent on the right and 7o per cent on the left, while the bron- 
chiectatic segments, particularly on the right (curved arrows), have undergone little change in caliber (see 
Table 1). Note that the contrast medium has moved proximally on cough but has not been expelled. 


equal and proportionate down the length of 
the bronchial tree; in the second, it was 
grossly disproportionate, the lower-lobe 
bronchi and the origins of bronchiectatic 
segments showing an abrupt collapse while 
the distal dilated segments remained widely 
patent. 

To ascertain whether a relationship 
existed between dynamic activity of bron- 
chi and the severity of disease morphologi- 
cally, roentgenograms made at the time of 
cinebronchography were reviewed and the 
tvpe of bronchiectasis was classified in each 
case, independent of knowledge of the 
bronchial dvnamics. The multiplicity of 
classifications of the different forms of 
bronchiectasis is confusing, and it was de- 
cided to use that suggested by Reid® in 
1950, which separates the three forms of 
the disease into the more or less discrete 
morphologic entities that they appear to be 
both roentgenologically and pathologically: 
(a) cylindrical or fusiform, (b) varicose or 
beaded, and (c) cystic or saccular. As 
described by Reid, the cy/indrical type 
presents in bronchi that are regular in out- 
line and have only a moderate increase in 
diameter, usually with little associated 


parenchymal destruction. The varicose type 
gives rise to more bronchial dilatation and 
to local constrictions that cause beading 
and irregularity in bronchial outline, in 
most cases with a greater degree of paren- 
chymal destruction. In the cystic or saccular 
form, dilatation increases progressively to- 
wards the periphery so that the terminal 
portion of the bronchus has a ballooned 
outline; the cystic spaces are blind sacs and 
commonly are subpleural, indicating a 
severe degree of parenchymal destruction 
and fibrosis. 

When the 20 bronchograms were classi- 
fied on this basis and compared with the 
relative bronchial measurements (Table 1), 
it became clear that the morphologic classi- 
fication of cylindrical bronchiectasis coin- 
cided exactly with the dynamics of the first 
group of cases, and that with one exception 
the classification of varicose and cystic 
bronchiectasis correlated with the dynamics 
of the second group. The exception (Case 
20) had severe cystic disease of the left 
lower lobe and lingula, but her bronchial 
dynamics were well within the range of 
Group 1. More will be said of this patient 
later. 
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In Table 1n are listed the average inspiri 

torv and expiratory calibers of each of the 

three bronchial segments according to their 

morphologic group (columns 3, 5 and 7), 

and the average percentage reduction in 
liber of 


ch division (columns 4, 6 and 
8). The difference 


between the cases in 
Group A and those 








in Groups B and C can 
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be readily appreciated. The only significant 

ence between the cases of Mites 
(B) and cystic (C) bronchiectasis is in the 
reduction in caliber of the bom. 
spaces, amounting to 17 per cent and 7 per 
cent, respective ly. Thus, although it may 
be convenient to subdivide the more severe 


grades of bronchiectasis into varicose and 
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Fic. 5. Case 18 and 19. 
trees of a patient with bilat 





the æft bronchial tree (Case 19) and C and D from similar sequences in the 


"presentative cinefluorographic f 
ase. -f and B were made in full inspiration and cough sequences in 


"ames of both bronchial 


right (Case 18). In Aand B the 


main bronchus to the left lower lobe (arrows) has collapsed on cough to 21 per cent of its inspiratory caliber, 


while the segmental origins and bronchiec 
low 
bronchiectatic s 





tion in dynamics which may occur in different portions s of the bronchial tree of the 
cinefluorographic frames with the manometric results obtained on this patient as 


these 


ectatic segments have shown little 
rlobe bronchus (straight arrows) has reduced by a normal 37 per cent, but the origin of one of the basal 
egments (curved arrows) has collapsed by 67 per cent. These examples illustrate the varia- 


change. In C and D, the right 


same patient. Compare 
shown in Figure 7. 
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Vic. 4. Case 9. Cystic bronchiectasis. Representative cinefluorographic frames in full inspiration (4) and 
cough (5). The main bronchus to the lower lobe does not reproduce well but on the original film showed a 
reduction in caliber of 74 per cent from maximal inspiration to cough. Thus, disproportionate collapse of 
proximal bronchi led to a trapping of air, contrast material and secretions in the bronchi distal to them, 
manifested cinefluorographically by a failure of the cystic spaces to undergo any change in caliber ( arrows). 


cystic types morphologically, their func- 
tional behavior is so similar that they might 
well be considered as a single group insofar 
as dynamics are concerned. 

Reference to Table 1 will show that s of 
the 8 patients with cystic disease exhibited 
no change whatever in the diameter of their 
bronchiectatic spaces on coughing. Al- 
though a slight change in the shape of the 
sacs was frequently observed, often associ- 
ated with an alteration in position of the 
upper layer of contrast medium, the actual 
maximal diameter of the sac did not alter 


despite forceful expiratory effort (Fig. 4, 7 
and 5). The notable exception among the 
patients with cystic disease (Case 20) 
showed a remarkable collapse of bronchiec- 
tatic spaces on forced expiration and during 
cough, amounting to an average of $3 per 
cent of inspiratory caliber (Fig. 5, 4 and 
B). This reduction in caliber, which was 
greater than in any other patient in the 
series, created a rather striking cinefluoro- 
graphic effect, spaces measuring 15 mm. in 
diameter collapsing by over 5o per cent in 
response to cough. Ín contrast to the other 
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AVERAGE MEASUREMENTS OF 3 BRONCHIAL DIVISIONS IN CYLINDRICAL, 
VARICOSE, AND CYSTIC BRONCHIECTASIS 
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Fic. s. Case 20. Cystic bronchiectasis. Representative cinefluorographic frames showing the maximal caliber 
on inspiration G7) and the minimal caliber on cough (B). The proximal large bronchi (straight arrows) 
and their segmental origins all underwent a normal reduction in caliber on coughing (see Table 1), with 
the result that flow of air and contrast material from the peripheral bronchiectatic segments was not ob- 
structed. The cystic spaces were thus able to undergo a considerable reduction in cc liber (curved arrows). 


Compare with Case 9 in Figure 4, £ and B. 


cystic cases, it is to be noted that this pa- 
tient's lower-lobe bronchus and bronchial 
origins showed a caliber reduction on 
forced expiration which was within normal 
limits. 

It will be noted from Table 1 that Cases 
1s, 16 and 17 possessed exceptionally nar- 
row lower-lobe bronchi compared with 
those of most other patients in the series, 
although their bronchiectatic spaces were 
of large caliber. These 3 patients were 
ather small women, and their lungs and 
bronchial trees generally were smaller than 
average. 

In the varicose and cystic cases, collapse 
of the lower-lobe bronchi and of the origins 
of the bronchiectatic segments appeared to 
occur simultaneously, at least within the 
limits of timing imposed by the frame 
speeds commonly used. 


MANOMETRY 
Figures 6, 7 and 8 show representative 
bronchial pressures in bronchiectatic seg- 
ments and at other levels in the tracheo- 
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Fic. 6. Case 14. Cylindrical bronchiectasis with normal 
bronchial dynamics. Alveolar pressure, bronchial 
pressure, and flow at the mouth, during forced 
expiration. (A) Bronchial pressure catheter in a 
bronchiectatic segment in the left lung. (B) Bron- 
chial pressure catheter in the left main-stem bron- 
chus. (C) Bronchial pressure catheter in the 
trachea, 
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Fic. 7. Case 18 and 19. Varicose bronchiectasis. Alveolar pressure, bronchial pressure, and flow at the mouth, 
during forced expiration. (A) Bronchial pressure catheter in a bronchiectatic segment in the left lung. 
(B) Bronchial pressure catheter in a bronchiectatic segment of the right lung. (C) Bronchial pressure 
catheter in the left main-stem bronchus. (D) Bronchial pressure catheter in the right intermediate-stem 
bronchus. (E) Bronchial pressure catheter in the trachea. Compare with the cinefluorograms on this 


patient illustrated in Figure 3, 4—-D. 


bronchial tree in a case from each of the 
three morphologic groups. 

In Figure 6 are recorded the pressures in 
a bronchiectatic segment, in the left main- 
stem bronchus and in the trachea in a pa- 
tient with cylindrical bronchiectasis (Case 
14). These pressures are shown in relation 
to alveolar pressure and flow at the mouth. 
In normal subjects, the pressures in seg- 
mental bronchi are approximately equal to 
pleural pressure no matter how high that 
pressure rises, and are thus very close to 
alveolar pressure. The pressures in the 
bronchiectatic segment of this patient may, 
therefore, be considered as normal. Simi- 
larly, the pressures at the other levels of the 
tracheobronchial tree are normal. 

Figure 7 shows the results in both lungs 
in a patient with varicose bronchiectasis 
(Case 18 and 19). On the left side, pressure 
within the bronchiectatic space was ab- 
normally low, being slightly more than half 


that in the alveolus. On the right side, how- 
ever, pressures were normal. 

Figure 8 shows the pressures in a bronchi- 
ectatic sac, in a lobar bronchus, and in the 
trachea, of a patient with cystic disease 
(Case 16). In this patient, whereas pres- 
sures within the sacs were the same as in a 
normal subject for the same bronchial gen- 
eration, those in the lobar bronchus proxi- 
mal to the area of marked expiratory col. 
lapse were Jower than normal. 


DISCUSSION 


Although it is still not certain why there 
are differences in dynamic activitv of the 
bronchial tree in cylindrical and in varicose 
or cystic types of bronchiectasis, certain as- 
pects of bronchial dynamics are well 
enough known so that certain tentative 
conclusions may be drawn. 

Fry and Hyatt? described very lucidly 
the interacting forces within the thorax 
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Fic. 8. Case 16. Cystic bronchiectasis with lobar bronchial collapse. Alveolar pressure, bronchial pressure, and 
flow at the mouth, during forced expiration. (A) Bronchial pressure catheter in a bronchiectatic sac. (B) 
Bronchial pressure catheter in the lobar bronchus just downstream from collapsing segment. (C) Bronchial 


pressure catheter in the trachea. 


that affect bronchial caliber during respira- 
tion. They showed that alteration in bron- 
chial caliber is due to the difference in pres- 
sure across the bronchial wall, a differential 
that is related, in part, to pleural pressure, 
to air flow through the bronchus, and to 
resiliency of the bronchial wall. There are 
two obvious differences between the cylin- 
drical and the varicose or cystic types of 
bronchiectasis, one dynamic and the other 
morphologic. It is probable that both con- 
tribute in some measure to the effects 
demonstrated, although, as will be shown, 
the former appears to predominate. 


MORPHOLOGIC CHARACTERISTICS 


Since the amount of parenchymal de- 
struction and fibrosis increases with the 
severity of the bronchiectasis, it may be 
assumed that the reduction in air flow 
through the diseased bronchi will be most 
marked in the cystic cases. There is good 
reason to believe that such air-flow restric- 


tion, by reducing pressure within the air 
way, can lead to distal bronchial closure on 
forced expiration. Evidence to this effect 
was supplied recently by our discovery at 
bronchography of a blind supernumerary 
bronchus arising from the inferior aspect of 
the right intermediate-stem bronchus in a 
patient without other significant bronchial 
abnormality (Fig. 9, Æ and B). This 
anomalous bronchus, which measured ap- 
proximately 6 cm. in length, had no demon- 
strable communication with the paren- 
chyma of the lung, being directed medially 
and inferiorly along the mediastinal border. 
On forced expiration and cough during 
cinefluorography, this bronchus was seen 
to collapse completely, presumably because 
there was no air flow from distal paren- 
chyma to maintain high intraluminal pres- 
sure. In fact, air low, by producing intra- 
bronchial pressure, is a major factor in the 
prevention of airway closure in normal seg- 
mental and lobar bronchi. 


Vou. 93, No. 4 





Airway Dynamics in Bronchieczasis 


Fic. 9. Representative cinefluorographic frames in maximal inspiration (4) and cough (B) from a cine- 
bronchogram in which a blind supernumerary bronchus is seen to arise from the inferomedial aspect of the 
right intermediate-stem bronchus (arrows). This supernumerary bronchus passed mediall v along the medias- 
tinal border and possessed no identifiable lung parenchyma leading to it. Almost complete obliteration 
of the lumen of the bronchus occurred on coughing, illustrating the fact that, in the absence of proximal 
obstruction, a bronchus will almost completely evacuate its contents on cough or forced expiration, despite 
no functioning parenchyma supplying it. Compare with cases illustrated in Figures 4, 4 and B; and 5, 4 


and B, 


Similarly, it might be thought that the 
fibrosis encircling the peripheral sacs in 
cystic, and to a lesser extent in varicose, 
bronchiectasis might effectively act as an 
encasement, preventing their collapse. Fry 
and Hyatt pointed out, however, that the 
elastic and fibrous tissues, of the hing nor- 
mally exert a dilating effect on the bron- 
chial tree. Although an increase in fibrous 
tissue might be expected to accentuate this 
dilating effect, it is a dynamic force and 
should not act as a prohibitory agent in 
preventing closure. In addition, although 
the bronchial walls in severe bronchiectasis 
might be thought to be thickened and rigid, 
they are in fact often thin and flaccid, par- 
ticularly when cystic, so that closure should 
not be impeded for this reason. Thus, from 
a morphologic point of view, there is little 
reason to suspect that the peripheral paren- 


chymal changes in the lung exert more than 
a minor influence in preventing closure of 
dilated bronchi. 

It is probable, however, that morpho- 
logic change in the structure of the bron- 
chial wall may be a major contributing 
factor. Wright! described pathologic 
changes in the segmental bronchi of pa- 
tients with chronic bronchitis and emphy- 
sema that could conceivably result in ab- 
normal flacciditv. He noted an increase in 
transparency of peripheral bronchial walls, 
with reduction in the size and number of 
cartilage elements and in the amount of 
smooth muscle and fibrous tissues. The 
larger bronchi showed similar though less- 
marked changes; in addition, they pos- 
sessed elliptic rather than round lumina 
and collapsed more easily on external man- 
ual pressure than did normal bronchi. De- 
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ficiency in cartilage has been described by 
Williams and Campbell? in 5 children with 
generalized bronchiectasis, their evidence 
suggesting that the deficit was develop- 
mental rather than acquired. It is clear that 
further investigation is needed to clarify 
the relationship between bronchial-wall 
“softening” and altered dynamics, not only 
in bronchiectasis but also in chronic bron- 
chitis and emphysema; however, sufficient 
evidence has accrued to suggest that mor- 
phologic change in the structure of the 
bronchial wall is primarily responsible for 
the derangement in dynamics. 


BRONCHIAL DYNAMICS 


It has been shown by cinebronchographic 
and other methods that the main bronchus 
to the lower lobe tends to collapse in forced 
expiration in patients with chronic bronchi- 
tis and emphysema. Using a combined cine- 
bronchographic-manometric technique, 
Macklem eż al? recently established that, 
coincident with this expiratory collapse, 
there occurs a sharp rise in intrabronchial 
pressure distal to the collapsing bronchus 
and a wide pressure drop across 1t, neither 
of which occurs in the normal bronchial 
tree. Associated with the sharp rise in 
intrabronchial pressure is a prompt de- 
crease in air flow, despite a continuing in- 
crease In intrapleural or driving pressure. 
These observations have shown conclu- 
sivelv that the central bronchi exert a sig- 
nificant influence in expiratory air-flow 
obstruction in these diseases. 

In the present series, bronchial pressure 
measurements have demonstrated that in 
cylindrical and in cvstic bronchiectasis, the 
pressures within the bronchiectatic spaces 
are high during forced expiration. Pressures 
within a bronchus during expiration are 
dependent upon many factors, among 
which the flow rate through the bronchus 
and the amount of obstruction downstream 
from it (towards the mouth) are the most 
important. In cylindrical bronchiectasis, it 
has been shown that the alveoli subtended 
by the bronchiectatic spaces function nor- 
mally; therefore, one would expect that the 
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flow through these spaces also would | 
normal and, thus, that the pressures insi 
them would be high. In cystic bronchiect 
sis, on the other hand, the bronchiectat 
spaces are blind sacs, so that the only fic 
through them must come from emptying 
the sacs themselves. Since it has be 
shown that in the majority of cases t 
sacs do not empty, flow must be negligib 
In this circumstance, the only way in whi 
pressure within them can rise is for the sa 
to become almost totally obstructed duri 
expiration: the expiratory collapse of t 
origins of these sacs and of the lobar bro 
chus seen cinefluorographically reveals th 
this is indeed the case. Although one wou 
expect the pressures to be low and the sa 
to collapse in exactly the same manner 
the blind accessory bronchus describ 
earlier, the pressures remain high and t 
sacs do not empty, because of expirato 
collapse of airways downstream. Althou 
pressures in cylindrical and in cys 
bronchiectatic spaces are high, this 1s so | 
entirely different reasons: in the form 
they are high because flow is high, and 
the latter because of obstruction to flow. 
In varicose bronchiectasis, there 1s me 
parenchymal destruction in the region 
the bronchiectatic spaces than in the cyl 
drical type, but the sacs are not blind. C 
might expect, therefore, that flow throu 
them would be reduced, but not to the sai 
degree as in the cystic forms. The pressu 
within would be reduced by air-flow restr 
tion, an effect that might be counteract 
by the greater expiratory collapse than : 
curs in cvlindrical bronchiectasis. Thus t 
pressures in varicose bronchiectatic spa 
should reflect two factors—a reduction 
air flow resulting from surrounding par 
chymal destruction and the degree of 
piratory collapse of airways downstrea 
One of the patients studied (Case 18 a 
19) presumably demonstrated predor 
nance of both abnormalities (Fig. 3, Z- 
and 7). On the left side, pressures in br 
FUE tatic spaces were lower than norm 
and it is reasonable to suppose that 
effect of low restriction predominated o 
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that of airway collapse on this side; in the 
right bronchial tree, pressures distally were 
high, and on this side airway collapse pre- 
sumably predominated over the effect of 
flow restriction. 

These results are important 1n consider- 
ing the efficiency of cough in bronchiectasis. 
Cough, along with ciliary action, empties 
the bronchial tree of its secretions. To be 
effective, there must be a high velocity of 
air in the bronchi as well as an efficient ratio 
of particle size to tube diameter. The 
velocity of air in a tube is the flow divided 
bv the cross-sectional area. Normal airway 
narrowing, by increasing velocity and im- 
proving the ratio of particle size to tube 
diameter, is a very important feature of 
cough. However, in bronchtectasis of any 
type, not only must the velocity be consid- 
erably less than normal but also there must 
be a less efficient ratio of particle size to 
tube diameter because the tubes are di- 
lated. In any form of bronchiectasis, there- 
fore, cough is seriously impaired. In the 
cylindrical type, maintenance of normal 
flow, coupled with reduction in caliber, al- 
lows cough to eliminate some secretions. In 
saccular disease, on the other hand, flow 
from the cystic spaces must be negligible. 
In the absence of flow, the only way the sacs 
can evacuate their contents 1s by their 
collapse; since this is prevented by closure 
of the larger airways downstream, cough 
can be of no assistance in the elimination of 
secretions. Retention of purulent secretions, 
in turn, must contribute significantly to 
both progression of the bronchiectatic 
process and the repeated pulmonary infec- 
tions that characterize this disease. Thus, 
airway collapse is not merely a finding of 
academic interest-~it is a major factor con- 
tributing to the morbidity of bronchiecta- 
Sis. 

One other aspect of some practical im- 
portance in the demonstration of bronchial 
dynamics in bronchiectasis lies in the 
choice of site for surgery when disease 1s 
present bilaterally. One of our patients, a 
30-year-old woman with bilaterallower-lobe 
varicose bronchiectasis (Case 18 and 19) 1s 
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a case in point. Her disease morphologically 
was ii oue the same oe on se two 


will dee. PM on ORE expiration, her an 
lower-lobe bronchus collapsed to one fifth 
of its inspiratory diameter, the peripheral 
bronchiectatic spaces showing no change 
whatever in caliber. On the right side, the 
lower-lobe bronchus reduced by onlv 37 per 
cent, and although there was a 67 per cent 
collapse of at least one segmental origin, the 
peripheral varicose spaces reduced by 20 
per cent. Since manometry confirmed the 
superiority of function of the right lower 
lobe compared with the left (Fig. 7), it was 
considered advisable to remove the left 
lower lobe first, and this was in fact done. 


RELATIONSHIP TO CHRONIC BRONCHITIS 


As has been pointed out, central bron- 
chial collapse is presumablv due to soften- 
ing of the bronchial wall. It is not likely to 
be due to the bronchiectasis per se, since 
bronchiectasis is predominantly a disease 
of segmental and peripheral airways. Since 
collapse of a similar nature is seen also in 
chronic bronchitis and emphysema, it is 
highly likely that the common denominator 
in the three diseases is bronchitis and that 
this is the process leading to softening of 
the wall. Apart from loss of bronchial 
tapering, a sign which is of no value in 
bronchiectasis, the only convincing 
morphologic evidence for the presence a 
chronic bronchitis bronchographically 1 
dilated mucus glands, and such a 
appears in no more than ṣo per cent of 
cases.? Visible mucus-gland filling was pres- 
ent in 6 patients in the present series, 2 be- 
ing in the varicose group, 4 in the cystic 
and none in the cylindrical. While such 
numbers hardly constitute a statistically 
significant quantity, they lend some sup- 
port to the hypothesis that chronic bron- 
chitis may be the pathogenetic factor lead- 
ing to bronchial collapse in bronchiectasis 
and other obstructive airway diseases. 

In this regard Case 20 1s of unusual in- 
terest. She was the only patient with cystic 
bronchiectasis in whom significant reduc- 
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tion in cyst caliber occurred on coughing 
(Fig. 5, 4 and B). This reduction in caliber, 
amounting to 53 per cent of full inspiratory 
diameter, was not associated with dis- 
proportionate collapse of the larger air- 
ways—a combination of circumstances 
that, as has been noted, should allow a 
more efficient cough than the other pa- 
tients with cystic disease could perform. 
It is also to be noted that this patient, the 
youngest in the series, was only 16 years of 
age. It is tempting to try to relate the fac- 
tor of age to the influence of chronic 
bronchitis in the pathogenesis of central 
bronchial collapse. It might be suggested 
that, at 16 years, it would be unlikely for 
chronic bronchitis to have developed to a 
sufficiently severe degree to give rise to 
flaccidity and collapse. Thus, it is interest- 
ing to compare this patient with the next- 
youngest patient in the series, Case 17, a 
21-year old woman with moderately severe 
cystic disease of her left lower lobe. This 
woman's lower-lobe bronchüs and seg- 
mental origins collapsed to ṣo and 66 per 
cent, respectively, with no alteration in 
diameter of the bronchiectatic spaces. Ex- 
tensive mucus-gland filling at bronchog- 
raphy indicated the presence of severe 
chronic bronchitis. It is open to conjecture 
whether the 5-year difference in age of 
these 2 patients might be related to the 
presence of chronic bronchitis in one and its 
absence in the other. 


SUMMARY AND CONCLUSIONS 


1. Itisknown that chronic bronchitis and 
emphysema are characterized by dispro- 
portionate collapse of larger airways on 
forced expiration or cough. The possibility 
that a similar derangement might occur in 
bronchiectasis stimulated an investigation 
into the characteristics of bronchial dy- 
namics in this disease and into a possible 
relationship between the disturbance found 
in bronchiectasis and in chronic bronchitis 
and emphysema. 

2. A total of 20 bronchograms of 17 pa- 
tients was studied cinefluorographically. 
Measurement was made of the transverse 
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diameter of at least 3 bronchial segments 
in full inspiration and in forced expiration 
or cough—the lobar bronchus, the origin 
of one or more of the bronchiectatic seg- 
ments, and the bronchiectatic segments 
themselves at their point of greatest dilata- 
tion. In 4 cases, manometry and cinebron- 
chography were carried out concurrently, 
allowing simultaneous assessment at any 
given moment of the caliber of a bronchus, 
the pressure within it, pleural pressure and 
air flow at the mouth: 

.3. Variations in bronchial measurements 
and pressures allowed division of the 20 
cases into three fairly distinct groups: 

Group A. Dynamics followed a normal 
pattern, cough producing a roughly pro- 
portionate reduction in caliber down the 
length of the bronchial tree, including the 
bronchiectatic segments. Intrabronchial 
pressures were high and within normal lim- 
its. This group comprised all 4 cases of 
cylindrical bronchiectasis and one of ad- 
vanced cystic disease in a 16-year-old girl. 

Group B. Reaction of diseased bronchial 
segments was disproportionate, cough pro- 
ducing collapse of the lobar bronchi or seg- 
mental.origins, with concomitant main- 
tenance of caliber of bronchiectatic seg- 
ments to almost inspiratory levels. Pres- 
sures within bronchiectatic segments on 
forced expiration were usually but not al- 
ways high. In this group, which comprised 
all 8 cases of varicose bronchiectasis, dis- 
turbance in bronchial dynamics and pres- 
sures was intermediate between that of the 
other two groups, being generally less 
severe than in Group C. 

Group C. Collapse of lobar bronchi and 
of segmental bronchial origins on cough 
was striking and was associated with little 
or no change in caliber of bronchiectatic 
segments. Intrabronchiectatic pressures 
were high. Seven of the 8 cases of cystic 


. disease made up this group. 


4. Pressures within bronchiectatic spaces 
on forced expiration and during cough were 
high in cylindrical and in cystic disease, but 
for different reasons. Ín the former, the 
preservation of abundant functioning pa- 
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renchyma leading to the involved segments, 
in the presence of normal dynamics, allows 
a high air flow which, in turn, produces 
high intrabronchial pressure. In cvstic dis- 
ease, functioning parenchyma is negligible 
so that the only source for air low must be 
from the sacs themselves; since emptving 
of the sacs is effectively prevented bv col. 
lapse of bronchi downstream, air flow is 
minimal and intrabronchial pressure high. 

5. Certain conclusions of practical im- 
portance may be derived from these ob- 
servations. To be efficient, cough must be 
associated with a high air velocity and with 
an effective ratio of particle size to tube 
diameter. In bronchiectasis of any form, 
both of these conditions are suboptimal, so 
that cough is relatively inefficient in rid- 
ding involved segments of their secretions. 
In cystic and varicose bronchiectasis, the 
situation 1s much worse than in cylindrical 
disease: not only is air flow and, therefore, 
velocity negligible, but since the spaces re- 
main dilated despite vigorous expulsive ef- 
fort, the ratio of tube diameter to particle 
size must cause much interference with the 
cough mechanism. Thus, purulent secre- 
tions are retained, with the inevitable con- 
tribution such retention must make to 
progression of the bronchiectatic process 
and to the repeated pulmonary infections 
that characterize the disease. Central air- 
way collapse must, therefore, be regarded 
as a major factor contributing to the 
morbidity of bronchiectasis. 

6. The altered dynamics in varicose and 
cystic bronchiectasis strongly resemble 
those in chronic bronchitis and in emphy- 
sema. Present evidence suggests that 
chronic bronchitis is the common denomi- 
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nator in the production of disturbed bron- 
chial mechanics in these three diseases. 


Robert G. Fraser, M.D. 

Department of Diagnostic Radiology 
Royal Victoria Hospital 

Montreal 2, Quebec, Canada 
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PULMONARY MUSCULAR HYPERPLASIA* 


By DOUGLAS J. SHEFT, M.D.,t and HAROLD MOSKOWITZ, M.D. 
PHILADELPHIA, PENNSYLVANIA 


ULMONARY muscular hyperplasia is 
a disease of unknown etiology charac- 
terized by a marked increase in the amount 
of smooth muscle tissue in the lung. It is a 
progressively fatal condition found in both 
sexes in the middle age group. The true in- 
cidence is not yet known, but approxi- 
mately 30 cases have been reported in the 
world literature. We have had the unique 
opportunity to follow 11 cases (Table 1) 
roentgenologically with Dr. William Frai- 
mow and Dr. Richard T. Cathcart? of the 
Barton Memorial Division of Jefferson 
Medical College Hospital, a referral center 
for chest diseases. The chest findings and 
the pathophysiology of this disease to our 
knowledge have not been described in the 
radiologic literature. It is important for 
roentgenologists to be aware of this entity 
and to include it in the differential diag- 
nosis of progressive interstitial fibrosis. 
Increased amounts of smooth muscle in 
the lung have long been reported in pa- 
tients with chronic pulmonary infection. 
Patients with bronchiectasis, abscess for- 
mation, tuberculosis, unresolved pneu- 
monitis, and chronic chylothorax have lo- 
calized areas of smooth muscle hyperplasia 
in conjunction with the chronic infection.’ 
It may also occur as part of the systemic 
disease, tuberous sclerosis.! The occurrence 
of a primary generalized smooth muscle 
hvperplasia disseminated throughout the 
lungs, however, is relatively uncommon. 
The entity was first described by von 
Buhl? in 1873 as muscular cirrhosis of the 
lung. Since that time, various names have 
been given to it, including bronchiolar 
emphysema, pulmonary myomatosis with 
microcvst formation, and muscular cirrho- 
sis. Recently, as the pathologic appearance 


has been clarified, it has been called pul- 
monary muscular hyperplasia.’ 


CLINICAL FEATURES 


The majority of patients has presented 
a picture of gradually increasing shortness 
of breath, weakness, fatigue, cough, and 
weight loss. The cough has been nonpro- 
ductive and is only partially controlled by 
opiates. There is increasing exertional 
dyspnea to the point of marked incapacita- 
tion and right heart failure. The clinical 
course has been progressively downhill. 
Severe exacerbation of symptoms occurs 
when there is a superimposed infection. 
Several patients were first seen when they 
were completely free of symptoms, but 
with time, the characteristic picture of 
pulmonary insufficiency supervened. 

Most of the patients have demonstrated 
marked clubbing of the fingers. Frequently, 
there were rales on physical examination of 
the chest. Except for pulmonary function 
studies, laboratory tests have been of little 
value. Despite significant arterial oxygen 
unsaturation and clubbing, there has been 
no evidence of secondary polycythemia. 

Roentgenograms are useful to follow 
the course of the disease. There is no 
known therapy of any consequence; one 
can only control the superimposed infec- 
tion. Several patients have been treated 
with corticosteroids without apparent ef- 
fect. The use of intermittent positive pres- 
sure breathing and bronchodilators has 
been of no value. 


HISTOLOGY 


The disease is characterized by dense 
masses of smooth muscle, fibrous, and 
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SUMMARY OF CASES 
PULMONARY FUNCTION STUDIES 


" Evidence of 
Case Age Sex Race Be 
Carcinoma 
I s7 M  W = Anaplastic carcinoma 


Clinical diagnosis of 
carcinoma 


Cytology suspicious of 


carcinoma 
VI 34 F W 
VH 45 F W 
VIH 40 F N 
IX 48 M W 


Alveolar carcinoma 
Severe squamous 
metaplasia 


m———————————————————————————————— 


VC — vital capacity (95 of normal). 
MBC maximum breathing capacity (95 of normal). 
Os Sat.= arterial Os saturation at rest (normal 9675). 


2. 
837 
O Ov Sat. 
"A Wn eme FY on ae my p ges 
VC MBC S. p Exer- pCO, pH 
cise 
HT 88 $6 58 28 7:43 i 
32 45 7 47 737 2 
$6 05 3 
45 88 96 38 36 3:42 4 
So 96 83 73 43 7.39 5 
40 63 go 84 38 3.48 6 
37 91 94 76 40 7.39 7 
41 6§ 91 64 36 yo 8 
86 — 86 — 95 85 45 730 9 
42 51 94 73 36 7.44 Io 
it 


Ahn aA AON aA ———————— Sagem RAH GA AMP Or Ede rr AP nr same ISP Ht mera mant netter suntin smemeeeem teneam nen rinm em ronem emerit ev inea 


i Sat p exercise: arterial Ov saturation after exercise (normal 100857). 
O Sat terial O; saturation aft I 100% 


pCOs- arterial pCO: (mm, Hg) (normal 40 mm, Hg). 
pH= arterial blood pH (normal N 7,43). 


elastic tissue disseminated throughout the 
lungs. Interspersed 1n these areas are large 
irregular cystic cavities which may vary in 
size and shape. These cystic cavities repre- 
sent dilated bronchioles and in some in- 
stances alveoli. Often there are bands of 
smooth muscle fibers surrounding the cyst 
in addition to the marked fibrosis. Muscle 
bundles may be noted in peri-alveolar, peri- 
bronchial, interlobular, and interstitial 
septa. The proliferation of smooth muscle 
mav be so marked in some areas as to be 
tumor-like in appearance. 

The marked increase in muscle compo- 
nents, together with the interstitial fib. 
rosis, results in greatly thickened alveolar 
septa, even in areas where the pulmonary 
architecture is not completely distorted. 
The thickening of the alveolar septum 
gives rise to the basic physiologic defect in 
this disease, i.¢e., the dificulty in diffusion 
of oxygen from the alveolus to the pulmo- 
nary capillaries. This alveolar capillary 
block syndrome has been noted before in 
the presence of granulomatous and neo- 


plastic disease as well as in idiopathic fibro- 
sis. The combination of the diffuse increase 
in the interstitial fibrosis as well as in 
smooth muscle makes gaseous exchange 
dificult and leads to arterial oxygen un- 
saturation. 


PULMONARY FUNCTION STUDIES 


Most patients show a decrease in func- 
tioning lung volume manifested by a reduc- 
tion in the vital capacity. In addition, 
there is generally a severe diminution in 
ventilatory abilitv as evidenced by de- 
creased maximum breathing capacity. 
However, in all patients, the 3 second timed 
vital capacity is generally within normal 
limits. 

Retarded gas diffusion and oxygen ab- 
sorption is the characteristic physiologic 
lesion of pulmonary muscular hyperplasia? 
In all patients there is a significant degree 
of arterial oxygen unsaturation. In addition, 
there is a marked drop in arterial oxvgen 
saturation. after exercise. Since carbon 
dioxide diffuses much more rapidly than 
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oxygen, this is not accompanied by an ele- 
vation of the pCO». 

The degree of oxygen unsaturation does 
not reflect the decreased ventilatory capac- 
ity. In fact, it seems to be an independent 
variable since several patients had marked 
oxygen unsaturation with normal ventila- 
tory capacity. While the spirographic pat- 
tern is primarily restrictive, there generally 
Is a preservation of ventilatory ability until 
late in the course of the disease. 


ROENTGENOGRAPHIC FINDINGS 


Periodic chest roentgenograms are an 
important means of following the progress 
of the disease. In all our patients there is 
diffuse lung involvement with a fine reticu- 
lar pattern throughout both lung fields. Oc- 
casionally, there are what appear to be tiny 
nodular densities. Interspersed are small 
areas of radiolucency which produce a 
honeycomb type of pattern. Some Scandi- 
navian authors felt that this picture was so 
characteristic they were willing to make the 
diagnosis on the basis of laminagrams.’ We 
feel, however, that one cannot distinguish 
between the multiple causes of diffuse inter- 
stitial fibrosis by roentgenologic appear- 
ance alone. 

Whereas the parenchymal lung changes 
are hallmarks of this disease, several of our 
patients demonstrated lymphadenopathy 
on the chest roentgenograms. Hilar en- 
largement and occasionally even paratra- 
cheal lymphadenopathy were associated 
with the lung changes. This may be an im- 
portant clue to the diagnosis since lymph- 
adenopathy is not seen with other types of 
interstitial fibrosis except sarcoidosis. 

An important feature worthy of special 
comment in many of our patients has been 
the incidence of carcinoma of the lung. We 
have had 2 patients with histologically 
proven carcinoma and 1 patient who died 
without autopsy with clinical evidence of 
carcinoma. A fourth patient had cells 
which were thought to indicate neoplasm in 
a bronchoscopic aspirant. This high inci- 
dence in such a small sample makes it 
highly unlikely that this is coincidental. 
The radiologist should be aware of this 
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relationship and view with suspicion any 
area of consolidation superimposed upon a 
primary disease process which does not re- 
solve promptly with antibiotic treatment. 

The history can be of distinct help to the 
radiologist in the differential diagnosis of 
this group of diseases. The presence and 
duration of chest symptoms will rule out 
many acute processes. A history of expo- 
sure to noxious dusts 1s mandatory when 
considering the possibility of pneumoconio- 
sis. Skin tests and sputum analvsis will aid 
in the diagnosis when the changes are 
caused bv fungi or tuberculosis. Chronic 
interstitial edema from long standing con- 
gestive heart failure may mimic the roent- 
genologic appearance of pulmonary muscu- 
lar hyperplasia. The presence of left ven- 
tricular enlargement and occasionally pleu- 
ral effusions will point to primary cardiac 
disease. Extensive spread of carcinomatosis 
by the pulmonary lymphatics is usually 
soon apparent clinically. An understanding 
of the altered physiology is also useful. Pul- 
monary muscular hyperplasia must be in- 
cluded in the differential diagnosis of any 
patient with ditfuse interstitial fibrosis. 

Ultimately, the diagnosis must be made 
by biopsy. Even then pulmonary muscular 
hvperplasia can be confused with other dis- 
eases such as congenital cvstic disease or 
chronic interstitial pneumonia, and errors 
may be made unless the pathologist is 
familiar with the entity and employs 
special histochemical stains for smooth 
muscle (Masson trichrome). 


REPORT OF CASES 


Case 1 (Fig. 1, 4-G). A 53 year old white 

male was admitted to Jefferson Medical College 
Hospital on August 22, 1955, because of exer- 
tional dyspnea and roentgen evidence of bi- 
lateral pulmonary infiltrations. The dyspnea 
had become increasingly severe for about $5 
years, In the last 2 to 4 months, the patient had 
developed a drv cough. There was a past history 
of exposure to poisonous gas in World War I, 
which was followed by a disabling psychoneuro- 
sis. On physical examination, both fingers and 
toes were clubbed and slightly cyanotic. Rales 
were heard at the bases with some dullness to 
percussion. Roentgenograms of the chest re- 
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of the left hilus. Biopsy of this area revea 





vealed a fine diffuse reticular pattern, more 
marked in the mid-portion and bases of the 
lung. All the laboratory studies were normal. 
| negative for tubercle bacilli, 
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pathogenic organisms, or cytologic evidence of 
malignancy. Pulmonary function test showed 
an alveolar-capillary block. Lung biopsy dem- 








onstrated pulmonary muscular hyperplasia. 
The patient was re-admitted $4 years later 
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with increasing dyspnea and hemoptysis. Ches 
roentgenograms revealed slight prog 


the previously described findings. A small add 
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tional area of density was noted in the periphery 
of the left mid-lung field. This area was biopsied 
under local anesthesia; anaplastic carcinoma 
was superimposed upon the pulmonary muscu- 
ar hyperplasia. The patient died shortly there- 
after. 











CASE H (Fig. 2 $2 year old Negro male 
as admitted to Jefferson Medical College 
Hospital on December 28, 1959 because of in. 





creasing exertional dyspnea and an 18 pound 
weight loss. He had a mild nonproductive 
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cough, but denied the symptoms of respiratory 
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disease. Two years previously he was informed 


of an abnormal survey chest roentgenogram; 
but since he had no symptoms, he neglected to 
obtain any follow-up care. 

Phvsical examination revealed an elderly 
male in mild respiratory distress. There was 
slight clubbing of the fingers and toes. Basilar 
rales and rhonchi were heard in the chest. 
.aboratory tests were normal. Skin tests for 
fungus disease were negative; Intermediate 
PPD was positive. Three sputum examinations 
were negative for acid fast bacilli on smear and 
culture. Pulmonarv function studies showed 
evidence of both restrictive disease and alve- 
olar-capillary block. 

n intercostal lung biopsy was performed and 
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ig. 1. (E and F) 8-6-57: Enlarged views from 
B, of the right hilar region (E) and left base 
(F), showing the lace-like reticular network. 
(G) 8-22-60: Enlarged view from D, same 


area as in E, showing progression of anaplas- 
tic changes. Note the microcysts. 











‘ig. 2. Case 11. Male, aged $2. §-19-60: Combined 
pattern of nodular and interstitial changes. The 
patient developed marked cor pulmonale. 
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the histologic diagnosis was pulmonary muscular 
hy perplasia. 

The patient was re-admitted twice during the 
next year with progressively more severe 
dyspnea. Electrocardiograms showed evidence 
of cor pulmonale. In spite of prednisone and 
cardiac therapy, he rapidly decompensated and 
died with respiratory insufficiency. 


Case 1u (Fig. 3, Æ and B). A 48 year old 
white male was admitted to Jefferson Medical 
College Hospital on October 22, 1960 because 
of back pain and progressive severe dyspnea. 
For the past 6 years, the patient had had symp- 
toms of wheezing, nonproductive cough, and 
gradually increasing shortness of breath. Chest 
roentgenograms taken at another hospital in 
1954 showed increased bronchovascular mark- 
ings. A bronchogram was reported as showing 
saccular bronchiectasis of both lower lobes and 


the right middle lobe. There was no historv of 


weight loss or hemoptvsis. 

On admission, the patient had marked club- 
bing of fingers and toes, and bilateral inspira- 
tory and expiratory wheezes and rales. Chest 
roentgenograms disclosed a right sided mass in 
the superior mediastinum and marked pulmo- 
nary fibrosis bilaterally. Bronchoscopy revealed 
a right upper lobe bronchus which was deformed 
and compressed by an extrinsic mass, 

A lung biopsy was performed and the histo- 
logic diagnosis was pulmonary muscular hyper- 
plasia. The patient died 1 month later at an- 
other hospital. The clinical diagnosis was car- 
cinoma of the lung, but autopsy permission was 
refused. 
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Case 1v (Fig. 4, A-D). A 28 year old Negro 
female was admitted to Jefferson Medical Col- 
lege Hospital on ? 3, 1960 with a 6 





:ovember 8, 
week history of cough, productive of vellow 
sputum, Six months prior to admission, the pa- 
tient noted the gradual onset of mild dvspnea 
and a persistent cough. There was no history of 
weight loss, hemoptysis, or night sweats. 

Physical examination was within normal 
limits except for fine inspiratory rales at the 
bases which did not clear with coughing. Labo- 
ratory studies, including cultures of gastric 
washings and sputum were negative. Chest 
roentgenograms demonstrated nodular in- 
creases in density bilaterally with multiple 
small cystic areas of radiolucency. Pulmonary 
function. studies showed the presence of an 
alveolar-capillary block. A lung biopsy was re- 
ported as compatible with pulmonary muscular 
hyperplasia. The patient was placed on steroid 
therapy with apparently no improvement. 

The patient was re-admitted to the hospital 
2 years later with increasingly severe dyspnea, 
cough and hoarseness. Electrocardiograms 
showed evidence of mvocardial ischemia. The 
patient was eventually discharged. Her condi- 
tion was unchanged. 


Case v (Fig. 5, A-D). A $4 year old white fe- 
male was admitted to Jefferson Medical College 
Hospital on March 27, ig6t because of 10 
months of erie Es exertional 
dyspnea and clubbing of the nails. The patient 
had a chronic cough productive of white 
mucoid sputum. There was no history of hemop- 
tysis, chills, fever, weight loss, or occupa- 





Fic. 3. Case u Male, - i (4 and B) 11-57-60: Marked fibrosis BE with extensive small cysts 
in the low: er lobes and right middle lobe. Note the right superior mediastinal mass. 
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tional exposure to dust. The patient was hoarse 
for 10 years and had had a thyroidectomy in 
the past for a toxic goiter. 

On physical examination, bilateral crackling 
rales were noted at the bases. Clubbing of the 
fingers was present. Laboratory studies and cul- 
showed bilateral hilar lymphadenopathy and 
diffuse pulmonary parenchymal disease. Re- 
spiratory function studies demonstrated an 
alveolar-capillary block with ventilation. per- 
fusion imbalance. Bronchoscopy showed paraly- 
sis of the right vocal cord and cytologic studies 
of the aspirate showed cells with neoplastic 
changes. The lung biopsy was performed on 
April 6, 1961 and the cytologic diagnosis was 
pulmonary muscular hyperplasia. The patient 
was discharged on prednisone. She has had 2 
subsequent admissions with gradually increas- 
ing dyspnea. 
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Case vi (Fig. 6, Æ and B). A 34 year old 
white female was admitted to another hospital 
in January of 1961, because of dyspnea on ex- 
ertion, orthopnea and productive cough. The 
patient had had rheumatic fever as a child and 
at the age of 16 she began to develop clubbing of 
the fingers. In spite of this, she was asympto- 
matic. She had had 3 normal pregnancies with- 
out any cardiorespiratory symptoms. There 
was no history of hemoptysis or peripheral 
edema. 

Physical examination showed an obese fe- 
male in no acute distress. There were wheezes in 
both lung fields and a triple cardiac rhythm 
with an accentuated pulmonic second sound, 
but no murmurs. There was marked clubbing of 
the fingers. Chest roentgenograms showed 
slight heart enlargement. A bronchogram re- 
vealed segmental bronchiectasis in the right 
lower lobe. An angiocardiogram demonstrated 
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Fic. 4. Case 1v. Female, aged 28. (4) 11-21-5 
prominence of the right hilar lymph nodes. (B) 2-6-64: Progression of changes in 7 years. The fibrotic 
changes have increased. Note the unequal areas of aeration and microcysts at the base. The hilar lymph. 

adenopathy has also increased. (C) 11-21-57: Enlarged view of the left base in 4, (D) 2-6-64: Enlarged 


view from B, showing same area 7 years later. Note the microcysts. 
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: Coarse reticular changes in the lung parenchyma. Note the 
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Fic. 5. Case v. Female, aged 54. (,7) 2-26-62: Diffuse reticular fibrosis with bilateral hilar lymphadenop: ithy 
and prominenc e of pulmonary artery Hd (B) 9-16-63: Rapid progression in 1$ years with increasing 


fibrosis and multiple microcysts. (C) 2-26-62: Enlargement of the right base in Z. (D) 9-16-63: Enlarge- 
ment of the right base in B. 
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Fic. 6. Case vi. Female, aged A and B) 10-17-63: Fine fibrotic network, best seen in the left mid-lung 

* zT 34. 3 = 

field. Note the massive enlargement of the central branches of the pulmonary artery and abrupt narrowing 
peripherally, characteristic of pulmonary hypertension. 
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an enlarged right ventricle with dilated 
pulmonary arteries and major branches asso- 
ciated with marked attenuation of the periph- 
eral vessels. The findings were thought to be 
consistent with "primary pulmonary hvperten- 
sion." 

Two years later on October 5, 1963, she was 
admitted to Jefferson Medical College Hospital 
with pulmonary edema. She responded to 
oxygen, digitalis and diuretics. A transseptal 
angiocardiogram was performed to try to 
delineate the etiology of this patient’s cardiac 
disease. This showed a normal left side of the 
heart with slight left ventricular hypertrophy. 
There was right atrial and marked right ven- 
tricular enlargement with a greatly dilated 
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pulmonary artery. The pulmonary artery pres- 
sure was elevated to systemic levels (97 mm. 
Hg). 

Two months later the patient was re-ad- 
mitted with congestive heart failure. After 
appropriate therapy, an intercostal lung biopsy 
was done under local anesthesia. The pathologic 
report was pulmonary muscular hyperplasia. 
The patient is doing quite poorly with gradually 
decreasing exercise tolerance. 

Case vu (Fig. 7, A-F). A 45 year old white 
female was admitted to Jefferson Medical Col- 
lege Hospital on May 24, 1961, because of 
gradual weakness, weight loss and increasing 


fatigue. She was a known diabetic and had 





Fic. 7. Case vir. Female, aged 45. C4-C) 9-25-61: Posteroanterior views. There is a slight prominence of the 
hi. The very fine parenchymal changes are best appreciated on the enlarged views. (B) Magnified view 
of right base and (C) magnified view of left base. The diffuse reticular pattern has a fine nodular quality in 
some areas, 
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gradual progressive clubbing of the fingers for 
about 15 years. Physical examination revealed 
depigmentation over the chin and bridge of the 
nose, thought to be discoid lupus. There were 
no other positive physical findings. Laboratory 
tests were within normal limits. Respiratory 
function studies showed an alveolar capillary 
block. A lung biopsy was performed which was 
reported as "very early pulmonary muscular 
hyperplasia or chronic interstitial pneumonia." 


Case viu (Fig. 8, 4-D). A 40 year old Negro 
female was admitted to Jefferson Medical Col- 
lege Hospital on March 27, 1962 with increasing 
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dyspnea on exertion and left anterior chest 
pains. 

Five years previously, she had been admitted 
to another hospital where the diagnosis of 
sarcoidosis was made. Roentgen examinations 
of the chest showed paratracheal lymphadenop- 
athy with normal hilar structures and clear 
parenchymal lung fields. Eye examination re- 
vealed uveitis. A cervical lymph node biopsy 
showed changes consistent with sarcoidosis. 
Laboratory studies showed some evidence of 
liver injury. Biopsy of multiple skin lesions wz 
considered "lichen planus” with no evidence o 
granuloma. 


* 
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Fic. 7. (D-F) Lateral views. (E and F) Magnified areas of D. Note the summation effect of the fine fibrosis 


often best appreciated in the lateral view because of the increased volume of lung tissue. 
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Physical ex breadths below the costal margin. The sp 
son Medica was not palpable. Laboratory studies inclu. 
presence of the previously described skin lesion sputum culture and liver function studies | 
and eye changes. Numerous moist rales which negative. Pulmonary studies showed some 
did not clear with coughing were present in the — strictive disease and a diffusion. block. 
2 to 3 finger tests for histoplasmosis were strongly posi 
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Fic. 8. Case vii. Female 
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, aged 40. G7) 8-1-55: Paratracheal lymphadenopathy and minimal fibrosis 1 
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lung fields. (B) 4-18-63: The lymphadenopathy persists and there has been a marked increase in the 
all parenchymal lung fibrosis. (C) 8-1-55: Magnified area of the left base in 4. (D) 4-18-63: Magnified 
of left base in B, showing same area 8 years later. The microcysts are now apparent. Biopsy rev 


pulmonary muscular hyperplasia with no evidence of granulomata. 
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but the serology was only weakly so. Sarcoido- 
sis was still the clinical diagnosis. 

In February, 1963, the patient was re- 
admitted for a lung biopsy because of progres- 
sive roentgen evidence of parenchymal lung dis- 
ease. The histologic diagnosis was pulmonary 
muscular hyperplasia with no evidence of 
granulomata. The patient has shown some 
sight improvement on steroid therapy. 





Case 1x (Fig. 9, ,4-D). A 48 year old white 
male was admitted to the Jefferson Medical 
College Hospital on June 11, 1962, with a 4 year 
history of gradual progressive dyspnea. Yearly 
chest roentgenograms were reported as normal 
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until I month prior to admission when some 
pulmonary fibrosis was noted. The patient had 
à dry morning cough and smoked 14 to 2 pack- 
ages of cigarettes per day. Recentlv, he had de- 
veloped a productive cough with a small amount 
of yellow sputum. There was a 10 pound weight 
loss, but no hemoptysis or night sweats. Seven- 
teen years previouslv, he first began to note 
clubbing of the fingers. 

Physical examination revealed marked club- 
bing of the fingers and toes. There were sibilant 
rales in both bases. The second cardiac sound 
was markedly accentuated in the pulmonic 
region. Skin tests were negative for tuberculosis 


. 


and positive for histoplasmosis. Roentgeno- 








Fic. g. Case ix. 





with multiple microcysts. (B) Lateral roentgenogram. (C) Detail of right mid-lung field in 4. (D) Detail 


of retrosternal space in B. 





Fic. 10. Case x. Female, aged 58, 1-7-63: Diffuse 
changes bilaterally with mediastinal widening. 


found 


Local areas of increased radiodensity were 
to be foci of alveolar carcinoma at autopsy. 


grams revealed calcific granulomata in the 
spleen and diffuse interstitial pulmonary fibro- 
sis. Pulmonary function studies demonstrated 
an alveolar capillary block. A lung biopsy 
performed which showed the presence of pul- 
monary muscular hyperplasia. The patient was 
discharged on steriod therapy. This was dis- 
continued after the patient developed a peptic 
ulcer. 


Case x (Fig. 10). A 58 year old white female 
was admitted to Jefferson Medical College 
Hospital on September «c, 1962 with an 8 month 
history of rapidly i OD: pulmonary in- 
sufficiency. For the last 2 months before admis- 
sion, the patient had a nonproductive cough. 
Physical examination was unremarkable. Chest 
roentgenograms showed chronic inflammatory 
changes with some pleural reaction at the right 
base. A bronchogram was made which showed 
extensive right sided bronchiectasis. Labo- 
ratory studies and cultures were all negative. 
The patient was bronchoscoped and no patho- 
logic findings were present, but the broncho- 
scopic aspirate showed cells which were sus- 
picious for malignancy. 

One month later, the patient was re-admitted 
with increasing dyspnea on exertion. Physical 
examination at that time revealed scattered 
rales bilaterally, especially at the bases. Bron- 
choscopy and cytology were repeated and were 
negative. A scalene lymph node biopsy was per- 
formed with negative results, 
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The patient became progressively more 
dyspneic and cyanotic. She developed minimal 
clubbing and persistent rales. Sputums were re- 
peatedly negative for routine and acid-fast 
bacilli. Finally, in December, 1962, a lung bi- 
opsy was done which showed pulmonary mus- 
cular hyperplasia and areas of squamous meta- 
plasia. The patient did well for 1 month and 
then suddenly expired on Feburary 11, 1963. 
At autopsy, focal areas of alveolar cel! car- 
cinoma were found. 


Case xt. A $9 year old white male was ad- 
mitted to Jefferson Medical College Hospital on 
June 3, 1963, with a 2 year history of dyspnea 
and fatigue. The patient was referred by a 
physician because of dyspnea related to exer- 
tion which was not improved with digitalis 
therapy. Chest roentgenograms showed marked 
pulmonary fibrosis. The patient dented any his- 
tory of cough, wheezing, hemoptysis, or occupa- 
tional exposure to dust. A lung biopsy at that 
time showed interstitial fibrosis of unknown 
etiology. The patient was discharged on steroid 
therapy with transient subjective improve- 
ment. Gradually, the dyspnea and weakness 
increased and he was re-admitted to Jefferson 
on October 18, 1963. 

Repeat roentgenographic and laminagraphic 
examinations at this time showed a significant 
change, suggestive of development of a medi- 
astinal mass. Physical examination revealed 
distant breath sounds and fine moist rales at the 
bases. The liver was enlarged 3 finger breadths 
below the costal margin. The patient suddenly 
expired in respiratory insufficiency. Post- 
mortem examination revealed diffuse pulmo- 
nary fibrosis and pulmonary muscular hyper- 
plasia. There were areas of severe squamous 
metaplasia, but no definite evidence of malig- 
nancy. 


SUMMARY 


Pulmonary muscular hyperplasia is a 
progressively fatal disease of unknown 
etiology characterized by the presence of a 
marked proliferation of smooth muscle ele- 
ments in the lung and the development of 
microcysts. Impaired oxygen exchange is 
the physiologic result of the pathologic 
changes. The development of carcinoma of 
the lung has been strikingly high in our 
series. The radiologist should be aware of 
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this entity and include it in the differential 
diagnosis of progressive interstitial fibrosis. 


Douglas J. Sheft, M.D. 

Jefferson Medical College Hospital 
rith and Walnut Streets 
Philadelphia, Pennsylvania 19107 
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EXPERIMENTAL APPROACHES TO 
PULMONARY EMPHYSEMA* 


By BERNARD J. O'LOUGHLIN, M.D., Px.D. 


LOS ANGELES, CALIFORNIA 


MPHYSEMA disables more persons 18), no doubt because of the increa 
than any other degenerative disease. number of senior citizens in this st 
In fact, it is approaching cancer as a lead- Radiologists are understandably concer 
ing cause of death (Fig. 1,7). This trend is with the trend and with investigations 
particularly noticeable in California (Fig. the nature and the causes of emphyse 
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Fic 1, (4) Pulmonary emphysema death rates by State of residence, United States, 1959. 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, Septembe 
October 2, 1964. 
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accepted notions of this disease. 

Laennec?? (1800) defined emphysema ac- 
cording to his postmortem observations. 
His description was so compelling and his 
pathogenesis so conclusive that his concepts 
prevail to this day. Therefore, it seemed 
appropriate when distinguished groups of 
British and American clinicians agreed on 
similar definitions. 

British CIBA Symposium (1959) defini- 
tion: 

“Emphysema is a condition of the lung character- 
ized by increase beyond the normal in the size of air 


spaces distal to the terminal bronchiole either from 
dilatation or from destruction of their walls." 


(1961) definition: 


"Emphysema is an anatomic alteration of the lung 
characterized by an abnormal enlargement of air 
spaces distal to the terminal non.respiratory bron- 
chiole, accompanied by destructive changes of the 
alveolar walls." 


Krahl? points out as do many pulmo- 
nary physiologists that the anatomic defini- 
tions concern “only a terminal moment in 
the time relationship of this disease. Their 
own physiologic studies are justified as on- 
going and developmental. They try to 
identify the disease in its early stages to 
more certainly define its courses. Their ap- 
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Fic. 2. (4) Time line representing the usual con- 
cept of pathogenesis of chronic obstructive respira- 
tory disease. 


proach is even more appropriate for roent- 
genologic investigations even though radi- 
ologists are also unable to identify "air 
spaces distal to the terminal bronchiole.” 
lf one were to draw a time line represent- 
ing the course of pulmonary emphysema 
and the factors influencing 1t, one would 
probably start in middle age and proceed to 
the patient's last breath (Fig. 2, Z and 5). 
This is the sort of picture which the physi- 
ologists and pathologists present. 
HYPOTHESIS 

There is another end to this spectrum, 
however, and it may begin before birth. 
The first causes and the initial pathologic 
changes probably occur here, in infancy 
and early childhood. This part of the course 
of pulmonary emphysema is less recognized 
and, indeed, many deny its existence. Be- 
cause it is the early phase and includes the 
subclinical stage and prevenient factors, 
this part of the course of the disease is 
probably the most important to the in- 
vestigator. Roentgenologic or other very 
sensitive methods are, therefore, required to 
study this stage. 

Congenital lobar emphysema may lie in 
that dimly perceived zone of the spectrum. 
No one knows exactly what causes con- 
genital emphysema and no one knows its 
exact course. It is known that the large 
overdistended pockets of lung can rupture, 
causing mediastinal emphysema, dissection 
of air along the bronchi, pressure obstruc- 
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tion of vessels, and often death. One theory 
of the etiology relates to a deficiency of 

"surface active material," the absence of 
which permits progressive overdistention 
of a few distal segments and associated 
atelectasis of others. The more widely held 
theory indicts deficiencies of bronchial 
cartilage with ensuing flutter valve ob- 
structive effects. Polychondritis of adults 
may have a similar effect. Tracheomalacia 
and degenerative bronchial collapse are 
major factors in the pathogenesis of adult 
pulmonary emphysema. During life this 
can be observed roentgenogr aphically, con- 
ventionallv, tomogr aphically and with 
cineroentgenograph: y. 

We have attempted to reproduce chon- 
dromalacic disease in experimental animals 
by introducing chondrolytic solutions into 
the segmental bronchial arteries. To date, 
we have only produced aneurysms and we 
have become quite familiar with the bron- 

chial arterial anatomy of the dog (Fig. 3, 4 
and B). McLaughlin and others have been 
more successful in producing emphysema 
by injecting thorazine, chlorpromazine, or 
styrene beads into the bronchial arteries of 
horses. 


d HEREDITARY 


PREDISPOSITION 
pulmonary 
pood or eu DN, p a surfactant 

FIRST BREATH 

i swallow! 
RESPIRATORY DISTRESS 
SYNDROME 
| infection, viruses, 
aspiration cylomegalic énclusron 


disease, efc. 


CONGENITAL LOBAR 
ae EMPHYSEMA "P 
BRONCHIQLITIS fef? hear? disease 
| "d bronchitis 
OVERSIRATION OR 





6mo. ACUTE EMPHYSEMA 
psychogenic ns 
Es s. c (elasticity 
atopic PERIBRONCHIAL coughing — | change 
PNEUMONIA thrombosis ; 
fibrocystic dis. | " 
cigaret tes 
STH 
lyr mucous zm e ASA 
in | posture 
bronchiectasis INCREASED PULMONARY 
AND THORACIC VOLUME tuberculosis 
4yrs soot À smog SRA | OORE 
" P OPE ATT LS 
P NE a 
n eh i chemical inbalanfs 
I2yrs | a soot & smog 
' ASTHMA 


Fic. 2. (B) Time line representing factors and course 
of patients who later develop overt emphysema. 
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Fic. 3. (A) Selective left oblique bronchial arteriogram of a normal dog. 
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Note 


“ramifications along the 


bronchi. Unsuccessful attempt to produce chondromalacia. (6) Right oblique bronchial arteriogram, same 


dog. Esophagus and bronchial walls are partly opacified. Chondrolytic agents injected 





the bronchial cartilages in effective amounts. 


CHILDHOOD EMPHYSE) 





Distention of the alveoli and bronchioles 
can occur in the fetus 77 z/ero under certain 
conditions. The resultant thinning of al- 
veolar and bronchial walls and 
septa cannot be called “emphysema” since 
distention is by a liquid not a gas, but some 
similarities do exist. There are also similari- 
ties to bronchopulmonary sequestration. 
Surface active lipoproteins in the fetal 
res piratory fluids s pote entiate regular disten- 
tion and tend to prevent atelectasis and 
segmental or lobar emphysema due to sur- 
face tension phenomena (Fig. 4). Prema- 
ture infants are usually deficient in “‘sur- 
factant" and often have immediate (hw: 
line membrane) or delaved (cvstic emphy- 
sema) respiratory distress. These may be 
the precursors of later bronchiolitis, 
asthma, and emphysema. These disorders 
are ordinarily identified roentgenologically. 
Breath-holding may be an early expression 
of the psychosomatic disorder later seen in 
as aus and p e We are also in- 

'estigating the psychosomatic and neuro- 
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“USING 50- called pulmonary over-disten- 
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Fic. 4. Newborn infant with congenital “lobar” 
emphysema which ruptured causing mediastinal 
emphysema, venous thrombosis and death. Defec- 
tive cartilages were not identified, 
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Chronic changes are more lik 








white male with recurrent asthma and a cold of 3 days’ duration. (4) Anteroposte. 
roentgenogram showing mild pulmonary overaeration. (B) Lateral study. (C and D) Two years la 
Exhalation results in very little diaphragmatic motion and in a reduction of heart size and vasa 
markings. 
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Fic. §. (E) Patient died during fourth admission in 
"status asthmaticus.” Lung sections character. 
istic of pulmonary emphysema. 


to occur in premature infants or in those 
who had neonatal respiratory distress syn- 
drome.! Respiratory syncytial virus, ECHO 
virus, and others chronically inhabit many 
such bronchial trees. Sensitivitv to these 
agents 1s acquired and a vicious circle is 
established. 

In "asthmatic" children admitted to the 
hospital repeatedly for recurrent severe 
respiratory insufficiency, we have often 
noted a slowlv progressive enlargement of 
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the thorax, an enlargement which is out of 
proportion to the very slow growth of the 
children. Progressive, disproportionate tho- 
racic enlargement when “asthma” is in re- 
mission would seem to indicate emphysema. 
Ebert and Pierce, Rackemann and Ed- 
wards, and others deprecate the signif- 
icance of such observations, but Farber and 
Wilson,'^ Messer e al. and others support 
the impression that there is a significant 
relationship between asthma and emphy- 
sema. Children with chronic recurrent 
asthma who have died have shown histo- 
logic evidence of pulmonary emphysema at 
autopsy (lig. c, 4- E). 

In an attempt to confirm the theory that 
intermittent allergic episodes can cause 
pulmonary emphysema, we sensitized a 
group of guinea pigs to egg albumin. These 
animals were then exposed to egg albumin 
vapor twice weekly and developed very 
satisfactory asthma. Their litter mates 


were not sensitized or exposed to egg aero- 


sol but were handled similarly, put into 
breathing chambers similarly and both 
groups were studied histologically at the 
end of 7 months (Fig. 9, /-F). Pulmonary 
emphysema developed in the sensitized 
guinea pigs but not in the controls (Ta. 
ble 1). 

All of the animals sensitized and exposed 
to egg albumin aerosol for 7 months had 
pulmonary emphysema at autopsy. They 
and some controls had signs of previous and 
present pulmonary infections. 
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No Course Died Postmortem Lung Findings 
(I poor condition D.O.A. pneumonia 
: II poor condition day 3 hemorrhagic pneumonia 
Controls i : d b 
it ill on day to day 14 liver abcess 
6 good/sacrificed 7 mo. occasional old healed scars and inter- 
stitial fibrosis 
7 severe asthma sensitization, ^ sacrificed, 7 mo. emphysema with variation in 
ois toth day amounts of inflammatory changes 
Sensitized 
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severe asthma sensitization, 
roth day 


sacrificed, 7 mo. 


bronchiolectasia, emphysema and 
marked inflammatory changes 
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ears, had "asthma" "ali his life." (4 and &) 
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enograms show pneumothorax 
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and mediastinal emphysema, probably from a ruptured bulla. 
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It all that wheezes is 
not asthma. Often patients with cvstic 
fibrosis present progressive asthmatic 
changes with later development of severe 
pulmonary emphysema. These children 


with cystic fibrosis are good subjects for 
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lua. 8. S.T., aged 1$ vears, had "asthma" 
since the age of 1 year. He has had re- 
current attacks of pneumothorax as well 
as severe respiratory distress. (,7 and B) 
Posteroanterior and lateral roentgeno- 
grams during remission. (C) Recent 
roentgenogram shows pneumothorax. 











studying developing emphysema. Right 
heart catheterization usually shows a milc 
increase in blood pressure and small periph- 
eral left to right shunts (Fig. 6, Z and B). ; 
wedge injection usually shows a good capil- 
lary blush with some straigh 
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squaring of arterial branches as 1s seen in 
other tvpes of hypertension. Large shunts 


have not been seen. Bronchial arteries are 


large and tortuous and have an increase in 


their pulmonary arterial anastomoses. 
Bronchial artery disease has been men- 
tioned as a major cause of pulmonary em- 
physema, but we are not certain whether 
the changes we see are causes or effects 
(Fig. 10 through 12, inclusive). 

Congenital absence or severe coarcta- 
tion of the pulmonary artery also is associ- 
ated with emphysematous changes in the 
lung and with pulmonary hypertension.” 
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Fic. 9. Induction of allergenic emphysema 
in guinea pigs. (47, B and C) Postero- 
anterior roentgenograms before, during, 
and after 7 months of intermittent ex- 
posure to egg albumin aerosol. Increase 
in chest diameters is present but not 
striking. 


Obstruction of the pulmonary arterial cir- 
culation produces emphysema in rabbits 
(Fig. 13, .7 and B; and 14).* Experimental 
pulmonary arterial coarctation was pro- 
duced by loosely ligating the pulmonary 
arteries of puppies and allowing them to 
grow up around the ligatures. ®? Pulmonary 


Am - 


hypertension developed; however, emphy- 
sematous changes were not found. Perhaps 
the animals should have been observed for 
a longer period. This experiment has been 
confirmed in calves and lambs." 

In using experimental animals for stud. 
ies on pulmonary function or emphysema, 
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Fic. 9. (D and E) Normal controls similarly handled. 


one must remember that the anatomv of 
the lung is quite different for different spe- 
cies and that, for instance, in the anatomy 
of the bronchial arteries, the horse most 
closely approximates man.” The horse also 
happens to be the onlv animal other than 
man that spontaneously ' develops pulmo- 
nary emphysema (Table i1) 


ADULT EMPHYSEMA 
Roentgenoiogic procedures have been 
used more frequently in investigating the 


commoner adult pulmonary emphysema. 
Barden as well as Laws and Heard,?? and 





Fic. 9. (F) Lung section of a sensitized guinea pig f°“ E 
B Y " ^ C ocu i: ety ge cha “yar —x A 
showing alveolar stretching, thinning of walls, lori and his associates? have added to the 


clubbing of septa and other signs of emphysema. — general knowledge of chronic obstructive 


Tape H 


NATOMIC LUNG TYPES 


Cow, Sheep, Pig Makse Dog, Cat Bs "P 


acd RE RENAN EA A EVENE EAEE TA ————————————RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRPRRRRRRRRRRRRRRRRRREREEN 





Lobulation extreme a Bos nt imperfect 

Pleura thick thin thick 

Pleural Blood bronchial artery pulmonary artery bronchial artery 

Pulmonary Vein close to bronchus independent course close to bronchus periph. 
erally, apart at hilus 

Terminal Bronchial Artery distal airway distal airway distal airway and alveoli 

Terminal Bronchioles present absent present 

Respiratory Bronchioles rare to absent well developed poorly developed 

Bronchial Pulmonary 

, Arterial Shunts present absent present 
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Laws and Heard’ 











eet 


respiratory disease by their roentgenologic topsy findings 
studies. Spirometry in conjunction with that an abrupt change 











roentgenography (Barden) should be help- pulmonary arteries on roentgenograms was 
Í ns 








"^ 


ful in evaluating the physiologic correlates the most common sign. Phe other 
lon ef al? listed in Table 11 


of roentgenologic emphysema. | 














found a high correlation between physio- narrowing of the | 
ogic emphysema and certain. roentgen of the pulmonary artery was found most 
igns as used by his radiologic colleagues in consistently. Tomographic studies increase 





1 : ae 


orida. His observations are worth reiter- the reliability of this sign and also show 
HI). ullae more clearly. 


ating (Table 
In comparing roentgenologic and au- olumetric chest measurements on 




















pnea, retraction of ribs and other signs 
iagnosed and treated for 
tment. 


Fic. 10. Pibrocystic emphysema. Four year old white female with dvs 
of respiratory disease. (4 and 8) Localized right upper lobe consolidation. D 


jean 


“bronchiolitis.” (C and D) Patient had intermittent “asthma” and failed to respond to tre: 
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roentgenograms are helpful and correspond 
well to physiologic lung volume if Barn- 
hard and co-workers * method is used. We 
are emploving this technique along with 














ere 


E UN EOS dS Tur : "nre 
thoracic index measurements to dSsudv 


Fic. 10. (E and F) At 6 years of age obvious pulmonary 


ae 


hysema is demonstrated. 





hbroevstic disease w 





athletes. 
between 
and 


the performance potential of 
Some interesting associations 
roentgenologic chest configuration 
athletic performance are being noted. 

yoldenthal ez a/.'?* studied emphysema- 

















Fic. 11. Bronchial arterie | 
enlarged, tortuous bronchial arteries. Normal 
gram shows rich pleural plexuses extending a 


m] 





s in fibrocystic emphysema in a child. (6.4 





ly, 
ong the long fissures. 








) Anteroposterior arteriogram shows the 
of the intercostals. (4) Lateral roentgeno- 








are the siz 
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tous patients with roentgenkvmography. Tante IH 

T he cur ving 8 sh adows of diaphragmatic m o- PHYSIOLOGIC AND ROENTGENOLOGIC 
tion during maximum | forced expiration SIGNS OF PULMONARY EMPHYSEMA 
EM esponded well with physiologic spito- «eec memes eese 
metric curves. Lasse" modified this Physiologic Agreem 


Emphysema 
mods for d Investigation of specific Roentgenologic Sign pu 


In h P Correlation 
espiratory impairments. Helis FE DOM, dia- Coefficient 


amon 


Radiolos 


E S3 i 
Bullae -309 gofio 
Excursion of Diaphragm 5236 

Prominence of Pul- 





monary Artery 702 
Sternal Prominence 4467 
Retrosternal Space 4452 
Position of Diaphragm apes 
Vascularity of Lungs 53 
Anteroposterior Diameter 

of Chest „4211 896; 
Transluceney of Lower 

Lung -4189 8C. 


phragm and rib motions are well shown 
shifts in blood or other intrathor 
Huids are not recorded. Oderr?? estim 
pulmonary insufficiency by fluoroden: 
EBD. 

Pathologists have noted the pred 
nance of emphysematous lesions in M. 


static effects should be included Aone 
many factors which are considered in 
production of these lesions. In chest ro 
genographv hydrostatic effects are 

served ordinarily as an increase in | 
density at the dependent bases of 


lower lobes (Fig. 15, 42-7). This densit 


accentuated by exhalation. Hf the subje 
m d ‘head oe aan “his E 


most promi PENA dhe n ae su n t 
hales.“ Similarly, in the decubitus p 
tions, the dependent portion exhales n 





Fic. 12. Pulmonary arteries in fibrocystic emphy- pa a 
sema, (4) Pulmonary arterial wedge injection efficiently than does the upper. Eviden 
shows normal looping capillary circulation. Right hydrostatic pressure assists exhalation 
to left shunt here must be small if present. (8) fruit ] ar model shows how this works ( 


Wedge injection in a child also with fibrocystic 4 6, 4, B and C). It also shows th EE 


emphysema but with a higher pulmonary artery 7 s K 

r N [aen nce a ag. Upper portion of the svstem does not 
pressure. Note the sharp, almost right angle ` x | 
arterial branching and the shunts to the pul. Change air as well as the lower. In the 


monary vein, bypassing many of the capillaries, sence of surfactant, there would be a te 
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Fic. 15. Obstructive fetal lung changes. (,2) Normal fetal rabbit lung. (B) Fetal rabbit lung after zn utero 
bct hgation, Alveolar distention, septal clubbing and occasional areas of coalescence resemble the 
changes of pulmonary emphysema, 


ency to overfill the larger upper air sac at 
the expense cf the smaller, possibly con- 
tributing to the emphysema of the upper 
segments. Decreased air exchange also 
leads to reduction in blood flow to the part, 
in which ischemia mav also contribute to 
emphvsema. 


DISCUSSION 
It appears that no single factor or agent 
can fulfill! Koch's postulates for pulmonary 
E e Many factors undoubtedly 
contribute to chronic obstructive respira. 


torv disease and, as we have shown eee. 
some of them can produce the disease but 


forse 
x GRE 
MNSSE 


Frc. 14. Whole lung section showing characteristic 
location of emphysematous lesions. Blebs and 
bullae are noted most prominently in the superior 
portions of the lung. 
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are not in effect in all cases. It also appears 
that the commonly used physiologic diag- 
nostic methods and, of course, the histo- 
logic diagnostic methods do not provide a 
diagnosis until late in the course of the dis- 
ease. Symptoms of chronic obstructive 
respiratory disease do not appear until over 
one-half of the pulmonary tissue has been 
destroved. The onset of symptoms is, there- 
tore, related to metabolic and physical 
activity for a given amount of lung destruc- 
tion. Elastic tissue proliferation and degen- 
eration are associated with pulmonary 
activity and = destruction. Centrilobular 
emphysema is found in nearly all aged men 
at autopsy. Although there are undoubt- 


edly some tamilial and many environ- 
mental factors, time alone may be a major 
one. Decreased metabolic and physical 
activity of old age masks “senescent” em- 
physema, 

Theretore, it remains to a nondestructive 
system, more sensitive than. physiologic 
testing, to explore the earhest stages of 
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pulmonary emphysema. Radiology pro- 
vides such systems. Thev must be used 
with well designed experiments in the test- 
ing of old, new and as vet unconceived 
hypotheses. 

We have as vet been unsuccessful in the 
production of chondromalacia in experi- 
mental animals but we have observed it 
clinically in patients who develop chronic 
obstructive respiratory disease. 

We have observed recurrent asthma 
leading into pulmonary emphysema and 
have reproduced the disease by inducing 
recurrent chronic asthma in guinea pigs. 
True, there were associated inflammatory 
changes in the experimental animals at 
autopsv--but such changes are also com- 
monly seen in asthmatics. 

We have observed cystic emphysema- 
tous changes in patients with absent or 
atrophic pulmonary arteries. Those with 
pulmonary artery “coarctation” had pul- 
monary hypertension. We were able to re- 
produce the pulmonary hypertension in 


Vic. rg. Studies showing fluid shift in lung due to gravity in the human. (A) Inspiration upright; (B) expira- 
tion upright; (C) inspiration upside down; (D) expiration upside down; (E) inspiration decubitus; (F) 
expiration decubitus. Note that the effective respiration is in the most dependent regions while the upper 
regions are quiescent, 
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Fic. 16. Fruit jar illustrating hydrostatic 
effects in respiration. (4) Gallon jar is 
filled with water. Hollow reed has finger 
cots attached in series. (2) The system is 
inflated (inspiration). (C) The system is 
deflated (expiration). Note that the 
chief activity is in the lower lobe— 
dependent region. Stasis of apical seg- 
ments may be significant in pathogenesis 
of emphysema. 


ogs by incomplete ligation of the pulmo- and cystic fibrosis. We cannot attribute 
ary artery. Bronchial arteries did enlarge these changes entirely to emphysema, since 

1 these animals. severe inflammatory changes were also 
We found the bronchial arteries enlarged present. 

nd tortuous in children with emphysema Our studies on thoracic morphology are 
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not conclusive but lead us to suspect some 
limitation of athletic prowess in students 
with certain thoracic conformities. 

A hydrostatic role in the localization of 
centrilobular, panacinar, and bullous em- 
physema may exist. Hydrostatics and sur- 
face tension phenomena may combine in 
the development of "congenital" emphy- 


sema. We have confirmed the existence of 


such a hydrostatic factor by 


methods. 


roentgen 


CONCLUSION 

. Chronic obstructive respiratory dis- 
ease or pulmonary emphysema is an impor- 
tant disease which is subject to clinical and 
experimental studv by radiologists. 

. "Asthma" is an important factor in 

the develop ment of emphysema, 

Bronchial arteries are abnormal in 
sah emphysema and in emphysematous 
cystic fibrosis in children 

4. Intrathoracic hydrostatic factors con- 
tribute to the development of pulmonary 
emphysema. 

$. Chronic obstructive respiratory dis- 
ease is a long-standing process, subclinical 
during most of its course. 


Department of Radiology 
California College of Medicine 
1721 Griffin Avenue 

Los Angeles 31, California 


The contributions of my former residents and 
students at the University of California in Los 
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Drake Will , John Horns, Edgar Surprenant 
and James Mack are a with great 
pleasure. 


REFERENCES 


1, ACKERMAN, B. D. Acute bronchiolitis: study of 
207 cases. Clin. pediat., 1962, 7, 75-81. 

. Apams, FL, Puyrwara, T., and Rowsuaw, G. 
Nature and origin of fluid in fetal lamb lung. 
F. Pediat., 1963, 67, 881—888. 

3. Amour, M. O. Respiratory response of guinea 
pigs to sulfuric acid mist. Arch. Indust. Health, 
1958, 73, 407—414. 

4. American Thoracic Society. Chronic bronchitis, 
asthma, and pulmonary emphysema. dm. 
Rev. Resp. Dis., 1962, 85, 762—768. 

Azcuy, Å., Anpberson, A, E., JR, BATCHELDER, 


t3 


vai 


Bernard ]. O'Loughlin 


APRIL, 1964 


T., and Foraker, A. G, Experimentally in- 
duced barrel deformity of chest in dogs. 4m. 
Rev. Resp. Dis., 1961, $4, 680-683. 

6. Barxuarp, H. I, Pierce, J. A, Joyce, J. W., 
and BATES, J. H. Roentgenographic deter- 
mination of total lung capacity. 4m. F. Med., 
1960, 28, 51—60., 

7. Casaretr, G. W. Obstructive pulmonary em- 
physema and bronchial obstruction TU 
phatic tissue in aging rats. Y. Geríat., 
146—149. 

CIBA Foundation Symposium. Terminology, 
definitions and classification of chronic pul- 
monary emphysema and related conditions. 
Thorax, 1959, 74, 286 E 299. 

9. Cownrey, C. R, Wuicur, G. W., Jr, and 
KLEINERMAN, J. Attempted experimental 
production of pulmonary emphysema in rats 
bv forced swimming. dm. Rev. Resp. Dis., 
1963, 97, 4447448. 

io. CuEgMENTS, J. A. Effects of intrinsic surface ac- 
tive material on mechanical properties of 
lungs with special reference to stability of 
alveolar structure, Report on the Second 
Aspen Conference on research in emphysema: 
the morphologic basis of pulmonary me- 
chanics, Aspen, Colo., June 12-14, 1950. 4m. 
Rev. Resp. Dis., 1960, 87, 742-743. 

11. Crown E, A, J. Attempt to produce emphysema 
in guinea pig. Am., Rev. Resp. Dis., 1959, So, 
153-1354. 

12. Cupkowtez, L., and ARMSTRONG, 
chial arteries in pulmonary 
Thorax, 1953, 8, 46-58. 

13. Eperr, R. V., and Pierce, J. A. Pathogenesis of 
pulmonary emphysema. 4.40.4. Arch. Int. 
Aled., 1963, ITI, 34743. 

14. biseman, B., Perry, T., and Sitex, W, Experi- 
mental emphysema. 4m. Rev. Resp. Dis., 1959, 
SO, 147-152 

15. l'ALKkENBACH, K. H., 


S 


J. B. Bron- 


emphysema, 


ZHEUTLIN, N., Downy, 
A. H., and O’Lovucuiiy, B. J. Pulmonary 
hypertension. due to pulmonary arterial 
coarctation. Radiology, 1959, 73, $75—-590. 

16. Parser, S. M., and Wirsow, R. H. L. Pulmonary 
emphysema. Clin. Symposia (CIBA), 1958, 
10, 171-205. 

17. Fray SER, R. Experimental pulmonary em. 
physema in dogs. Am. Rev. Resp. Dis., 1963, 
87, 666-672. 

18. Gopparp, R. F. 
jp and 


Pre-emphysema in children: its 
ee Ann. Allergy, 


19. Gan Lr S. n TRONG, B. W., and Low- 
MaN, R. M. Roentgen study of ventilatory 
dysfunction: analysis of diaphragmatic move- 
ment in obstructive emphysema. Am. J. 


RoENTGENOL., Rap. THERAPY & NUCLEAR 
MED., 1958, /9, 279-292. 


20. Grover, R. F. Editor. Research in Emphysema 


Vor. 93, NOS 4 


and Chronic Bronchitis. S. Karger, Basel, 
1963. 

21. Harris, W. G., and Cuittincworrn, F. P. Ex- 
perimental production in dogs of emphysema 
with associated asthmatic syndrome by means 
of intratracheal ball valve. 7. Exper. Med., 
1919, 30, 75-85. 

22. Hgckscugn, H. Emphysema of lungs, its symp- 
toms and relations to other diseases. Acta med. 


23. Hennes, A. R, Moore, M. Z., CARPENTER, 
R. L., and Hammarsren, J. F. Antibodies to 
human lung in patients with obstructive 
emphysema and pulmonary tuberculosis. 4m. 
Rev. Resp. Dis., 1961, 82, 354-358. 

Hixsuaw, H. C. Experimental production of 
chronic pulmonary emphysema in animals. 
Proc. Staff Meet. Mayo Clin., 1938, 23, $99- 
600. 

Horns, J. W., and O’Loucuurs, B. J. Tracheal 
collapse in polychondritis. Am. J. Roenr- 
GENOL, Rap. THerary & NuctgaR MED., 
1962, 37, 844-846. 

Istey, J. K., Jr., Bacos, J., Hickam, J. B., and 
Bavriis, G. J. Bronchiolar behavior in pul- 
monary emphysema and in bronchiectasis. 
Am, J. RogNTGENOL., Rap. THerapy & Nu- 
CLEAR MED., 1962, 87, 853-858. 

Kranz, V. E. Experimental production of pul- 
monary emphysema: preliminary report. Am. 
Rev. Resp. Dis., 1959, 80, 158—168. 

. Laennec, R. T. G. A Treatise on the Diseases of 
the Chest and Immediate Auscultation, Trans- 
lated from the French by John Forbes. Second 
edition. T. G. Underwood, London, 1827. 

. Lasser, E. C. Some aspects of pulmonary 
dynamics revealed by concurrent roentgen 
kymography of spirometric movements and 
diaphragmatic excursions. Radiology, 1951, 
77, 4347444- 

Laws, J. W., and Hearn, B. E. Emphysema and 
chest film: retrospective radiological and 
pathological study. Brit, T. Radiol, 1962, 35, 
750-761, 

Liggow, A. A. Pulmonary emphysema with 
special reference to vascular changes. Am. 
Rev. Resp. Dis., 1950, &0, 67-93. 

52. Loss, L. M. Etiology of emphysema, Arch. Int. 

Med., 1930, 45, 464-472. 

53. MeLavcuu, R. E., Tyrer, W. S., and CANADA, 
R. O. Study of subgross pulmonary anatomy 
in various mammals. dm. Y. Anat., 1961, 709, 
149-166. 

34. Messer, J. W., Perers, G. A., and BENNETT, 
W. A. Causes of death and pathologic findings 
in 304 cases of bronchial asthma. Dis. Chest, 
1960, 373, 616-624. 

35. Mort, P. A., ANDERSON, A. E., JR., and Eckert, 

P. Radiological spectrum of aging and em- 





26. 


he 
EZS 


Experimental Approaches to Pulmonary Emphysema 


39s 


40. 


41. 


44- 


45. 


49- 


50. 


E d 
bed 
+ 


5. SrrawBRIDGE, H. T. 


a 


867 


physematous lungs. Radiology, 1964, 9&3, 
45-97. 

Moss, A. J., Ausrix, W. O., and O'LoucnrtwN, 
B. J. Congenital absence or atresia of main 
branch of pulmonary artery. 7.40.4. dm. f. 
Dis. Child., 1956, 92, 398-402. 

NeLrsox, W. E., and Surrg, L. W. Generalized 
obstructive emphysema in infants. Y. Pediat., 
1945, 20, 36-55. 

Operr, C. Air trapping, pulmonary insufficiency 
and fluorodensimetry. Am. J. ROENTGENOL., 
Rap. Tuerapy & NuctgaR MED., 1964, 92, 
SO1~-S12, 

Paine, J. R. Studies in experimental production 
of pulmonary emphysema. 7. Thoracic Surg., 
1940, 70, 150—175. 

Rackemann, EF. M., and Epwarps, M. C. 
Asthma in children: follow-up study of 688 
patients after an interval of twenty years. New 
England F. Med, 1952, 246, 815-823, and 

Rasmussen, R. A., and Apvams, W. E. Experi- 
mental production of emphysema. Arch., Tnt. 
Med., 1942, 70, 3797395. 


. Sterner, R. E. Radiological appearances of 


pulmonary vessels in pulmonary hypertension. 
Brit. Y. Radiol, 1958, 37, 188-200. 

^ G. Chronic pulmonary 
emphysema (experimental study). I. His- 
torical review. II. Spontaneous pulmonary 
emphysema in rabbits. HI. Experimental 
pulmonary emphysema. dm. 7. Paih., 1960, 
37, 161-174, 309-331, 3917411. 

Surprenant, E. L., and Roprarp, 5. Hydro- 
static pressure gradient in pleural sac. dm. 
Heart F., 1953, 66, 215-220. 

Tuurteeck, W. M. Incidence of pulmonary 
emphysema. dm. Rev. Resp. Dis., 1963, 87, 


VavpaGNa, J. S., and Vorpg, F. Pulmonary in- 
flammatory hyperinflation in infants. Cali- 
fornia Med., 1963, 98, 87-89. 


. Vocet, J. H. K., Averitt, K. H., Poor, R. E., 


iy 


and Brouwr, S. G. Experimental pulmonary 
arterial hypertension in newborn calf. Circula- 
tion Res., 1963, 73, 557-572. 


. Wemer E. R. Morphometry of the Human 


Lung. Academic Press, Inc., New York, 1963. 

WimprHermer, F., and SCHNEIDER, L. Familial 
emphysema. dm. Rev. Resp. Dis., 1961, $5, 
697-703. 

Wnicur, R. R. Bronchial atrophy and collapse 
in chronic obstructive pulmonary emphysema. 
Am. J. Path., 1960, 37, 63777. 

Wauicnr, G. W., and Kirerverman, J. Considera- 
tion of etiology of emphysema: in terms of 
contemporary knowledge. 4m. Rev. Resp. Dis., 
1963, 84, 605-620. 


APRIL, 1964 


PULMONARY ARTERIOVENOUS SHUNTS IN 
EMPHYSEMA DEMONSTRATED BY 
WEDGE ARTERIOGRAPHY* 





LOS ANG EEES, CALIFORNIA 


D. MANY patients with emphysema, the 

blood arterial oxygen saturation is de- 
creased at rest and may be still further 
diminished with exercise. Motley! 6 
Harris and Heath? and others have demon- 
strated that this results primarily from the 
presence of poorly ventilated alveoli and 
the perfusion of blood through nonventi- 
lated areas of the lung. In most cases of 
severe emphysema, arterial blood oxygen 
saturation at rest may be improved by the 
intermittent positive pressure 
compressed air, which provides more uni- 
form ventilation of alveoli, compared to 
that present during the breathing of ordi- 
narv room air. If many of the alveoli are 
destroved or completely blocked, as for 
example by fibrosis, edema, mucus or any 
other factor, then intermittent positive 
pressure breathing may result in little or no 
increase in blood oxvgen saturation. Under 
these circumstances, the breathing of a 
high oxvgen mixture, which increases the 
partial pressure of the inspired oxygen sufh- 
ciently to overcome any significant alveo- 
lar-capillary membrane block, may not cor- 
rect the blood oxygen desaturation. This 
failure to restore the arterial oxygen satura- 
tion to normal levels is indicative of per- 
fusion of blood through nonventilated 
areas of lung which physiologically is 
equivalent to a right to left shunt. In severe 
emphysema this may become of consider- 
able magnitude.‘ 

Histologically, the most prominent vas- 
cular lesion in emphysema is the diminu- 


breathing of 


tion of the capillary bed, particularly about 
the respiratory bronchioles. Many capil- 
laries are dilated, while others are ob- 
literated.*?? Intimal proliferation occurs in 
the thin walled arteries related to the ter- 
minal and respiratory bronchioles. Often 
these become thrombosed, following which 
they may be recanalized by capillaries from 
bronchial vessels. Notably, however, the 
changes in the muscular pulmonary arteries 
associated with high levels of pulmonary 
hypertension in mitral and congenital heart 
disease are rarely encountered in emphy- 
sema. 

Normally, the pulmonary arteries, which 
are end vessels, communicate with the 
bronchial arteries only by means of the 
capillary bed in the respiratory bronchioles. 
In certain diseases, particularly bronchiec- 
tasis, the RENI arteries become mark- 
edly enlarged and extensive anastomoses 
develop between the bronchial and pul- 
monary artery systems.^? In emphysema, 
this arterial collateral circulation is Insig- 
nificant except when fibrosis or bronchiec- 
tasis 1s superimposed." The venous col. 
lateral circulation, on the other hand, may 
be greatlv expanded with the development 
of numerous anastomoses between pul. 
monary and bronchial veins. With right 
heart failure and elevation of pressure in 








the azygos system, Liebow ef 27.9399 fur- 
ther state that there | is the possibility of 
shunting of blood from the systemic to the 
pulmonary veins, £.e., a right to left shunt. 
However, Heppleston and Leopold* point 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Mi inneapolis, Minnesota, September 29- 


October 2, 1964. 
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out that, “As vet there is no certain means 
of judging whether the available channels 
were used during life and, if so, in which 
direction the blood flowed.” 
Numerous attempts have been made us- 
ing histologic, injection and corrosion tech- 
niques to demonstrate direct pulmonary 
arteriovenous communications in both the 
normal lung and in various disease states, 
but there has been no definite agreement as 
to whether they actually exist. Injecting 
glass beads of known diameter, Prinzmetal, 
Ornitz, Simkin and Bergman!’ concluded 
that there were arteriovenous anastomoses 
measuring from 100 to 390 micra in diame- 
ter in the normal lung. Similarly, Tobin 
and Zariquiev? perfused normal human 
lungs, with glass spheres up to 500 micra in 
diameter, and recovered them from the 
pulmonary veins. By latex injection studies 
thev showed that these shunts were located 
at the apex of and within the lobular sub- 
divisions of the lungs. Niden and Aviado, 
also using glass beads, showed arteriove- 
nous communications of at least 420 micra 
in diameter in anesthetized dogs. Rahn, 
Stroud and Tobin? injected thorotrast 
through a No. 11 catheter wedged in the 
pulmonary artery of normal dogs. They 
stated that arteriovenous shunts were 
visualized in 3 of 4 dogs but did not de- 
scribe these shunts in any detail. On the 
other hand, Parker, Andersen and Smith'* 
could recover beads only up to 80 micra in 
diameter. They suggested that the recovery 
of larger spheres by other investigators may 
have been due to the use of excessive pres- 
sure of injection. James, Owen and 
Thomas’ could find no evidence of shunts 
over 30 micra in size in the absence of 
bronchiectasis and Gordon, Flasher and 
Drury? could demonstrate none larger than 
20 micra in rabbits. Liebow ef a/.* have 
rather emphatically denied the existence of 
precapillary connections between pulmo- 
nary arteries and veins except in congenital 
hemangiomas. 

However, more recently two excellent 
pathologic studies strongly suggest that 
pulmonary arteriovenous shunts do occur 
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in emphysema. Reid and Heard" injected 
the capillary network of normal and em- 
physematous human lungs with india ink 
and concluded that “in advanced centrilob- 
ular emphysema the side branches of the 
arteries or arterioles accompanying the af- 
fected proximal respiratory bronchioles are 
obliterated but the large vessels survive. 
These course through the area as isolated 
strands stripped of side branches but still 
patent and supplying the peripheral surviv- 
ing networks of the lobule. When the latter 
capillaries are destroved, one might suspect 
that surviving arterioles could carry arterial 
blood straight into venules and veins with- 
out communicating with alveolar or 


needed to be sure that such communica- 
tions do exist in emphysema and to dis- 
cover their size." Describing the destruc- 
tion of the capillary bed in centrilobular 
emphysema, Wyatt, Fischer and Sweet”! 
found that “remnants of the pre-arteriolar 
bed had a mural course in the connective 
tissue canopies of bullae. Although rare, 
pathological shunting across these bullous 
spaces has been demonstrated, judged by 
genuine admixture of colored latex intro- 
duced from the main arterial and venous 
channels." Further, they found that in 
panlobular emphysema there was "exten- 
sive erasure of the capillary bed. With dis- 
tention and disruption a widely spaced 
linear bed was formed. In the late stages, 
onlv a few large channels passed from the 
lobular arteriole to the paralobular veins." 

The purpose of this paper is to report the 
visualization bv wedge arteriography of 
pulmonary arteriovenous shunts in 3 pa- 
tients with advanced pulmonary emphy- 
sema. 


TECHNIQUE OF WEDGE ARTERIOGRAPHY 


The technique of examination has been 
modified from that previously described? 
onlv to the extent that in addition to the 
single-film arteriogram a second injection 1s 
now made for a cine-arteriogram. After the 
cardiac catheter has been wedged into a 
peripheral pulmonary artery, 2 cc. of 65 per 


us 
o 29 


cent hypaque* is infected. The method of 
injection is the same whether the examina- 
tion is to be recorded by a single roentgeno- 
gram or cineradiography. 

Unless the catheter is properly wedged in 
the peripheral pulmonary artery, the ar- 
teriograms are usually of little value since 
very few of the smaller vessels will be 
visualized and the contrast medium may 
reflux into adjacent large vessels. The pres- 
sure monitor should be checked carefully to 
be sure that a true wedge pressure is being 
recorded. As pointed out by Bell er al? in 
1959, the catheter may lodge at the bifurca- 
tion of a vessel or impinge on a vessel wall 
and the resultant damped tracing may 
mimic a wedge tracing very closely. The 
position of the catheter should be verified 
by a slow hard injection of approximately 
0.5 cc. of contrast medium. 

Usually, it will be found that the catheter 
passes most easily into the right pulmonary 
artery and then most often into the right 
lower lobe. As a rule, this does not present a 
problem since the vascular changes in the 
lower lobes in most diseases can be expected 
to be as advanced as in any other portion of 
the lung. However, there are occasions, par- 
ticularly in emphysema, where the patho- 
logic changes are not evenly distributed 
and it may be desired to examine other 
regions of the lung. Unfortunately, it has 
been found that the catheter tends to pass 
repeatedly into the same peripheral vessel 
even when an effort is made to catheterize 
another area. To date, attempts to guide 
the tip of the catheter by means of an 
obturator have not been very successful. 

Injection of Contrast Medium. Because of 
the rapidity with which the contrast ma- 
terial passes through the peripheral vascu- 
lar bed, mechanical injection and automa- 
tic exposure are essential for standardiza- 
tion of the procedure. Injection may be 
made by hand but the results are incon- 
sistent. The best arteriograms, both in 
single-hlm and cine-arteriography, are ob- 
tained when the 2 cc. of contrast material 


* Sodium diatrizoate, manufactured by Winthrop Laboratories, 
New York, N. Y, 
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are injected in 0.40 to 0.50 seconds. The ap- 
plied pressure necessary to accomplish this 
will vary with the viscositv of the contrast 
medium, internal diameter of the catheter, 
the material of which the catheter is made, 
dimensions of the svringe, etc.* To elimi- 
nate the dead space, just before the actual 
injection is made, the catheter is filled by 
hand with contrast material under fluoro- 
scopic control. The capacity of a No. 7 
catheter is about 1.5 cc. After each injec- 
tion, the catheter should be flushed im- 
mediately with saline. 

Radiographic Technique. Non-screen film 
is used for single-flm arteriography. A 
10X12 inch film, either in a paper wrapper 
or cardboard holder, is laid directly on the 
patient's chest and the exposure made with 
the under-table tube automatically at the 
end of injection. It has been found that this 
is much simpler than attempting to place 
the film under the patient. It eliminates the 
use of an overhead tube, is more rapid, and 
permits more accurate centering and closer 
coning. The tube-film distance will vary 
from 30 to 40 inches, depending on the type 
of table and the thickness of the patient. No 
attempt is made to have the patient hold 
his breath during the procedure because 
many are heavily sedated, under anes- 
thesia, or otherwise find it difficult to co- 
operate. The following exposure factors are 
used: Not more than 1/30 second to elimi- 





kv. 

The cine-arteriogram is recorded on a 
fine grain film such as Eastman Kodak 
Linograph Shellburst at 60 frames per 
second. The cine camera is started as soon 
as the catheter has been filled and care 
taken that the injection is not made until 
the camera has come up to full speed. 

No significant complications have oc- 
curred with the above technique. Mild 
paroxysmal cough, especiallv after multi- 
ple injections, may occur in children and 





* Peak pressures of approximately 2:0 mm. Hg have been 
measured during injection within the tip of a Statham Physio- 
logical Pressure Transducer Catheter, Model SF I. The pressure 
generated beyond the tip of the catheter has not been accurately 
measured, 
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less frequently in adults. Local staining 
may occasionally be seen but with saline 
irrigation this usually disappears in a few 
minutes. More than 2 cc. of contrast ma- 
terial should not be used. Injection of 
larger amounts of contrast medium mav be 
followed by severe cough or even infarc- 
tion.! 


OBSERVATIONS 


It is not intended to describe in this 
paper the entire spectrum of the vascular 
changes in emphysema which have been 
demonstrated by wedge arteriography, but 
onlv to show that direct pulmonarv arterio- 
venous shunts occur in this disease and that 
they can be visualized 77 vivo by this tech- 
nique, When a 2 mm. artery or primary 
branch of a larger vessel is injected, a 
sharply defined oval, leaf-like network of 
vessels 1s opacified, consisting usually of a 
single central tapering artery from which 
arise numerous lateral arborizing branches 
(Fig. 1, and 5). On the single-film arterio- 
gram, vessels as small as 100 micra in diam- 
eter can be seen distinctly. Smaller vessels, 
including the capillary bed, are recognized 
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only as a background blush. These small 
branching vessels include both arterioles 
and venules which are indistinguishable 
one from the other. The latter drain into 
collecting veins which surround the opaci- 
fied segment. These in turn unite medially 
and empty into the left atrium. This entire 
complex of vessels seems to form a distinct 
vascular lobule and would appear to corre- 
spond to the vessels of the secondary pul- 
monary lobule, 

Though individual vessels cannot be 
examined in as great detail nor as readily 
measured as thev can on the single-film 
arteriogram, these anatomic features are 
clearly depicted in the cine-arteriogram. In 
addition, however, cine wedge arteriogra- 
phy does afford a means of studying the dy- 
namics of the flow of contrast material 
through the peripheral pulmonary vascular 
bed. Of particular interest has been the flow 
of contrast material into the collecting 
paralobular veins. In the normal lung con- 
trast medium will appear in these collecting 
veins on an average between 0.13 and 0.17 
seconds after the beginning of injection. 
This arteriovenous transit time of hypaque 





Fic, 1. (4) Normal wedge single-film arteriogram. (B) Diagrammatic sketch. (a) Wedged catheter. (b) Cen- 
tral artery of vascular lobule. (c) Arborizing branches and background (capillary) filling. (d) Paralobular 


draining veins. 
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is determined by counting the number of 
frames between the time the contrast ma- 
terial is first seen in the central artery to the 
time it can first be detected in a collecting 
vein, each frame being 0.0166 seconds in 
duration. It should not be assumed that the 
hypaque transit time and red blood cell 
transit time are necessarily the same. 

In a number of wedge arteriograms ob- 
tained in patients with emphysema, the 
hypaque arteriovenous transit time was 
found to be more rapid than normal in spite 
of the fact that the arteriograms also 
showed a decrease in the number of small 
arborizing vessels and background filling. A 
careful study of the cine-arteriograms of 
several of these clearly showed this to be 
due to a flow of hvpaque directly from the 
central artery or one of its branches into a 
paralobular vein without passage through 
an intervening capillary bed. 


REPORT OF CASES 


CASE G.G. (223-97-30), a $1 year old 
laborer, was first admitted to the Los Angeles 
County Hospital in September, 1962 because of 
acute respiratory infection. He gave a history 
of having had pneumonia 3 years previously 
and shortness of breath and cough for the past 
2 years. Physical examination showed the chest 
to be increased in its anteroposterior diameter. 
The breath sounds were decreased and there 
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were rhonchi bilaterally. The electrocardiogram 
showed changes consistent with cor pulmonale 
and there was a partial right bundle branch 
block. The arterial carbon dioxide tension was 
sg mm. He. 

He was discharged after a short hospital stav 
and re-admitted in February, 1963 complaining 
of increasinglv severe respiratory distress and 
dyspnea at rest. The blood pressure was 140/90 
mm. Hg; hemoglobin 18.3 gm.; packed cell 
volume $6; white blood cell count 10,600. 

The pulmonary function studies were indica- 
tive of marked obstructive airway disease 
(Table 1). Arterial blood gas analysis (Table 11) 
showed marked reduction in oxygen tension, in- 
creased carbon dioxide tension and respiratory 
acidosis. Breathing of 100 per cent oxygen 
caused the arterial oxygen tension to rise 
shghtiy. The calculated right to left shunt was 
31 per cent. Cardiac catheterization showed 
moderate pulmonary hypertension (Table 11). 
A No. 7 Cournand catheter was passed into the 
mid-portion of the right lung. The single-film 
arteriogram was entirely normal (Fig. 2, 4 and 
B). After flushing with saline, the catheter 
could not be replaced in the same vessel but 
passed into the base of the right lower lobe ad- 
jacent to the right atrium. The cine-arteriogram 
(Fig. 3, 7 and B) made in this region showed al- 
most complete absence of arborizing branches 
and only a suggestion of a capillary bed. The 
hypaque flowed directly from the central artery 
into a paralobular vein from where it could be 
followed into the left atrium. The shunt at its 
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SELECTED DATA FROM PULMONARY FUNCTION STUDIES 





I Sec. Vital | 
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| Vital Capacity | Caney | Maximum Breathing Capacity 
Case No. je EROTIC ———————À i ee eee M 
| Observed | Per Cent | Per Cent | Observed | Per Cent 
| (liters) | Predicted | N 70 | (liters) | Predicted 
Room Air | 1.94 42 | 29 | 30 | 22 
After Isuprel 2.36 | 60 | 39 29 | 1g 
IL. (.C) | | | | | 
Room Air | 3.41 | 93 | 38 | 54 | 47 
After Isuprel | 3.19 | 82 | 38 | 62 | Hn 
| | | | | 
HI. (S.E) | | | | i 
Room Air | 2.36 | 63 | 51 | 38.8 39 
After cuin | 2295 | 60 | 62 | 39.9 40 
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| | Oxygen Saturation (per cent) 
MI e A n Pul m O n a r V | p u A l dem iuri eas palit sa A Te OANA ERES : ———Ó—————— sce ETO E T E EE E MR 
Capillary Wedge |^" E de piped | Pulmonary Artery | Brachial Artery 
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H. (J.G) | 8 ; 40/25 | 64 | 76 | 090. | 100 
HL (S.F) | 6 : 78/26 |^ 4 d 27 LE wr j 100 








“ig. 2. Case 1. (A) Single-film wedge arteriogram made in the mid-portion of the right lung of a §1 year old 
male with severe emphysema. (8) Diagrammatic sketch. (a) Wedged catheter. (b) Central artery of vascu- 
lar lobule. (c) Normal arborizing vessels and background (capillary) filling. (d) Paralobular draining veins. 
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Fic. 3. Case r. (4) Frame of 16 mm. cine-wedge arteriogram made in right lower lobe. (B) Diagrammatic 
sketch. (a) Wedged catheter. (b) Central artery of vascular lobule. (c? Almost total absence of arborizing 
vessels and background filling. (d) The artery drains directly into a paralobular vein without passing 
through an intervening capillary bed. (e) The arteriovenous communication measures §7O micra at its 
narrowest point. (£) Draining vein emptying into the left atrium. (g) Right atrium. 


narrowest point measured §70 micra in diam- 
eter (Table iv). 

The patient was discharged after a short 
hospital stay. He was re-admitted for the last 
time in January, 1964. The arterial oxygen ten- 
sion was 30 mm. Hg, carbon dioxide tension 52 
mm. Hg and arterial pH 7.48. The arm to tongue 
circulation time was 30 seconds. 

He died on January 15, 1964. Dr. Russell 
Sherwin of the Department of Pathology fur- 
nished the following description of the pertinent 
postmortem findings: 

“Both lungs were moderately enlarged and 
hvpercrepitant at the apices. There was moder- 


ate bilateral subpleural bullous emphysema. An 
infarct was noted in the base of the right lower 
lobe in association with a fresh pulmonary 
artery thrombus. On cut section there was 
surprisingly little gross evidence of emphy- 
sema, Gough sections of the right lung showed 
irregularly distributed slight to moderate 
centrilobular and nonspecific emphysema, most 
marked in the apical one-half of the upper lobe. 
The distention primarily involved the respi- 
ratory bronchioles but areas intermediate be- 
tween centrilobular and panlobular emphysema 
were common. 

"The remaining autopsy findings were not re- 
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WEDGE ARTERIOGRAPHY 


| Hypaque | | Diameter* 
| Arteriovenous | Arborizi | Background Pulmonary 
Case No. j Transit Time | aL | (capillary) |^ Arteriovenous 
(sec.) | | ting | Communication 
| 2 EN € j 7 | | | (micra) 
I. (6.G.) | 0.083 | Markedly | Absent $70 
| | Decreased | | 
| | | | 
IE TLe. | O.216 | Slightly | Moderately | 460 
| Decreased | Decreased 
| | | 
| | | | 
HI. (S.F.) QUIS | Normal | Normal | 660 
d i 


* Corrected for magnification, 
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lated except for a moderate degree of right 
ventricular hypertrophy of the heart. 
“Microscopic examination of the lungs re- 
vealed numerous early and organizing small 
thrombi in vessels of all calibers. There was a 
large infarct in association with a large vessel 
thrombus. Serial giant sections of the presumed 
site of the arteriovenous fistula were made but 
no arteriovenous anastomoses could be dem- 
onstrated. However, a few unusually dilated 
venules were found. Except for slight arterio- 
sclerosis, no other vessel abnormality was 
noted. The emphysematous change was most 
prominent in respect to first and second levels 
of the respiratory bronchioles, with relatively 
little involvement of alveoli and alveolar ducts." 
! 32-07-71). a $4 year old male, 
was ie to fe Los Angeles County Hos- 
pital in February, 1963, complaining of severe 


bilateral chest pain and increasing dyspnea of 


€ days’ duration. He gave a history of long- 
standing pulmonary tuberculosis, for which he 
had been hospitalized on numerous occasions in 
other institutions. The blood pressure was 
110/70 mm. Hg, pulse 104, respirations 24. The 
physical examination showed the chest to be 
hyper-resonant and the breath sounds were 
diminished over the left thorax. À chest roent- 


genogram showed a pneumothorax on the left 
with 80 per cent collapse of the lung. The hemo- 
5 gm. and the white blood cell 


globin was 13. 
count $,400. 
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The pulmonary function studies (after com- 
plete lung expansion had occurred) showed evi- 
dence of obstructive pulmonary disease (Table 
1). The blood arterial oxygen tension (Table 11) 
was reduced at rest; the carbon dioxide tension 
and blood pH were elevated. After breathing 
ICO per cent oxygen, the arterial oxygen tension 
rose moderately but not to a normal level. A 
cardiac catheterization (Table u the n 
monary artery pressure was normal. À No. 7 
catheter was passed into the right lower lobe. 
The single-flm wedge arteriogram (Fig. 4, 4 
and B) showed a slight diminution in the 
number of arborizing vessels and a moderate 
decrease in background filling. After flushing 
with saline, the catheter was replaced in the 
same vessel and cine-arteriography was per- 
formed. Direct flow of hypaque from a branch 
of the central artery into a paralobular vein 
id be clearly seen m the pe porum of the 


a Pa in the Ier n of be one 
lobules. On the single-flm arteriogram, the 
shunt was readily identified, the vessel meas- 
uring 460 micra in diameter at its narrowest 
point (Table :v). In the lower portion of the 
lobule, the vessel in question was identified - 
it was not certain that the appearance of : 

shunt was not produced by overlapping ae 


Case ui. S.F. (217-77-93), a 65 year old male, 
was well until Januarv, 1962, w hen he was first 
seen at the Los Angeles County Hospital com- 





Fic, 4. Case it. 7) Single-film wedge arteriogram made in mid-portion of right lung of 24 year old male with 
advanced emphysema. Several vascular lobules are opacified. (B) Diagrammatic sketch. (a) Wedged 
catheter. (b) Central artery of vascular lobule. (c) Arborizing vessels are slightly decreased in number and 
there is moderate decrease in background filling. (d) The ee artery drains directly into a paralobular 
vein. (e) At its narrowest point the arteriovenous communication measures 460 micra. 
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plaining of chest pain and ankle edema. The 
chest roentgenogram showed a slightly elevated 
left diaphragm; the lungs were clear and the 
heart was normal, The electrocardiogram was 
suggestive of iio lung disease. He was 
treated for congestive heart failure and dis- 
charged. In Julv, a he was re-admitted to 
the hospital because of chest pain, cough, in- 
creasing shortness of breath and orthopnea, and 
minimal ankle edema. The electrocardiogram 
showed extremelv low voltage, peaked P waves 
and other changes suggesting diffuse pulmonary 


— 


disease and cor pulmonale. A chest roentgeno- 
gram in August, 1963 showed widening of the 
superior mediastinum and infiltration in the 
right upper lobe. He did not return to clinic 
until January, 1964 at which time he com- 
plained of increasing shortness of breath and 
chest pain. Marked clubbing of the fingers had 


developed. He had moderate pitting edema of 


the ankles. The arm to tongue circulation time 
was 18 seconds. No tumor was seen on broncho- 
scopic examination; however, the sputum was 
positive for malignant cells. 

Pulmonary function studies (Table 1) were in- 
incative of marked obstructive mun e 





ADR (Table 11). ae — lac c TENA 
(Table ur) he was found to have severe pul- 
monary hypertension and marked arterial oxy- 
gen desaturation at rest. A No. 7 Cournand 
catheter was passed into the right mid-lung but 
could not be properly wedged. The single-film 
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arteriogram showed filling of the central arteries 
of several lobules. The number of arborizing 
branches and the background filling were both 
moderately diminished. Cine-wedge arteri- 
ography (Fig. 5, Æ and B) was performed after 
the catheter was withdrawn and replaced in the 
right lower lobe. In this region the arborizing 
vessels were somewhat more numerous and the 
background filling fairly normal. Hypaque 
could be seen to flow directly from a branch of 
the central artery into a paralobular vein and 
thence into the left atri unm The smallest di am- 
eter of the shunt measured 660 micra (Table 1v). 

An exploratory thoracotomy was performed 
on March 9, 1964 and the patient was found to 
have an inoperable carcinoma of the left upper 
lobe. He died April 2, 1964. Postmortem ex- 
amination was refused. 


DISCUSSION 


It is now generally held that pulmonary 


arteriovenous fistulae probably do not oc- 
cur in the normal human lung. However, in 


the emphvsematous lung, where pulmo- 
nary function studies and blood gas analvses 
mav indicate the perfusion of nonventilated 
lung which is functionally equivalent to a 
right to lett shunt, theoretically it would 
appear more likely that direct pulmonary 
arteriovenous communications should be 


present. The recent work of Reid and 
Heard” and Wvatt ef a4” lends strong sup- 





Vic. g. Case ur. 


male with severe emphysema. (8) Diagrammatic sketch. (a) 


(4) Frame of 16 mm, cine-wedge arteriogram made 


right lower lobe of 65 year old 
(b) Central arterv of 


in the 
Wedged catheter. 
vascular lobule, (© Normal arborizing vessels and background filling. (d) The central artery drains directly 
into a paralobular vein. (e) At its narrowest point this arteriovenous communication measures 660 micra. 
(f) Draining vein emptying into left atrium. (g) Right atrium. 
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port for their presence in emphysema, al- 
though up to the present time unequivocal 
proof for their existence is still lacking. 

In the 3 patients with severe obstructive 
airway disease or emphysema included in 
this report during pulmonary wedge ar- 
teriography, hypaque was seen to flow from 
the peripheral pulmonary artery into 
which the catheter had been wedged di- 
rectly into a pulmonary vein. These com- 
munications were clearly visible on the 
cine-arteriograms. In only 1 of the 3 cases 
were the single-film and cine-arteriograms 
made of identical sites and in this instance 
the same arteriovenous fistula was present. 
However, it was identified only in retro- 
spect after first visualizing 1t on the cine- 
arteriogram. Both Reid and Heard and 
Wyatt have described relatively large ves- 
sels traversing emphysematous spaces 
which they believed were probably patent 
during life and constituted arteriovenous 
shunts. It is not unlikely that just such a 
vessel, almost completely devoid of all 
branches, was opacified in Case 1. In the 
other 2 cases, the direct arteriovenous com- 
munications were no less clearly present al- 
though the diminution of branching vessels 
and capillary bed was less marked, indicat- 
ing the opacification of an area in which the 
vascular destruction was less severe. The 
question has been raised as to whether the 
anastomosis might be with bronchial rather 
than pulmonary veins. Fortunately, in both 
the first and third cases, the cine-arterio- 
grams were made in areas sufficiently close 
to the heart so that the contrast medium 
could be seen to flow from the paralobular 
vein into the left atrium. There could be no 
doubt that the anastomosis was between 
pulmonary artery and pulmonary vein. 

It is perplexing that these communica- 
tions which are relatively easy to demon- 
strate by wedge arteriography should not 
be equally demonstrable by postmortem 
injection or corrosion techniques. Sherwin” 
feels that it would have been impossible to 
adequately study the small arteries and 
arterioles in Case 1 by any of these methods 
because most of them were filled with 
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agonal thrombi. A tendency for these ves- 
sels to collapse after death and a further de- 
crease in their size in fixed postmortem 
preparations may be additional factors pre- 
venting their demonstration. 

In 2 of the 3 patients, sufficient data were 
available to calculate the proportion of pul- 
monary blood flow which was perfusing 
nonventilated lung. In 1 patient this right 
to left shunt was 31 per cent of the cardiac 
output and in the other, 17 per cent. Multi- 
ple arteriovenous fistulae, such as those 
which we have demonstrated, could be the 
means by which shunting of blood takes 
place in these patients with severe emphy- 
sema. 

In spite of widespread capillary oblitera- 
tion and consequent diminution of the total 
vascular bed, in severe emphysema marked 
pulmonary hypertension 1s unusual, though 
we believe that mild to moderate degrees 
of hypertension are more frequent than 
formerly suspected. It may be hypothesized 
that perhaps these shunts, offering little or 
even diminished resistance to blood flow, 
might serve as a protective mechanism, re- 
ducing the effect of the restricted vascular 


bed. 


SUMMARY 


I. The peripheral pulmonary vascular 
bed has been studied by wedge arteriogra- 
phy. The technique of single-film and cine- 
wedge arteriography is described. Vessels 
as small as 100 micra in diameter may be 
visualized and the flow through the periph- 
eral vascular bed studied. 

2. In patients with emphysema, Heres iS 
often a reduction in background or capil- 
lary filling and a diminution in the number 
of small arborizing vessels. 

3. Three patients with severe emphy- 
sema are reported in whom direct pulmo- 
nary arteriovenous communications have 
been demonstrated. 

4. Pulmonary function studies and blood 
gas analyses indicate that hypoxia in pul- 
monary emphysema, at least in part, may 
be attributed to perfusion of blood through 
nonventilated areas of the lung. From these 
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studies, the existence of pulmonary arterio- 
venous shunts has been postulated but 
never before clearly identified 7# vivo or in 
pathologic specimens. 


George Jacobson, M.D. 
Department of Radiology 
University of Southern California 
1200 North State Street 

Los Angeles 33, California 
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I THIS article the development of un- 
usual roentgenologic patterns seen in 
patients with long-standing beryllium di- 
sease Is described. These patterns are illus- 
trated by 8 case reports. Six were selected 
from so patients treated at the Massachu- 
setts General Hospital. Two additional 
cases treated bv colleagues elsewhere are 
also reported. 


DIAGNOSIS 


A major pathologic feature of chronic 
beryllium disease is a granulomatous inter- 
stitial inflammation of the lung, although 
other organs—kidney, liver, lymph | nodes 
and skin—may also be involved with a simi- 
lar pathologic process because of the wide- 
spread distribution of inhaled bervllium.®:* 
1.20 [n clinical descriptions the frequency of 
dyspnea, cough, and constitutional symp- 
toms which have a variable and delayed 
onset from exposure to beryllium has been 
noted.!3441519 Cyanosis, clubbing of the 
fingers and scattered inspiratory rales may 
be found in dyspneic patients. However, 
chest signs are often absent in spite of 
disability. Hyperglobulinemia, hvpercalci- 
uria, and hypercalcemia may occur as in 
patients with sarcoidosis. Respiratory func- 
tion tests invariably show a "diffusion 
block” in disabled patients. These clinical 
features along with tissue assay or epidemi- 
ologic evidence of significant exposure to 
toxic bervllium. compounds provide the 
basis for the etiologic diagnosis. The con- 
firmatory diagnostic information may be 
obtained from a lung biopsy or an autopsy 
specimen. An interstitial granulomatous 


pneumonitis, varying degrees of fibrosis, 
sometimes calcification of tissue, and ais 
torted lung architecture may all be seen. 
Beryllium in the tissue specimen documents 
the clinical diagnosis; beryllium in the urine 


can only confirm an exposure to this ele- 


ment. The exposures of many patients seen 


at this hospital have been in the fluorescent 
lamp industry where beryllium fluorescent 
compounds were used from 1939 to 1949. 
Other cases have been reported from beryl- 
lium exposures in many other industries 
such as radio and x-ray tube manufactur- 
ing, ceramic laboratories, beryllium extrac- 
tion Mound aon EE and the 


ROENTGENOLOGIC FINDINGS 


Of special interest in this communication 
is the development of roentgenologic pat- 
terns in patients followed over many years. 
No attempt has been made to review the 
roentgenologic literature on this subject; 
however, in several articles the roentgeno- 
logic findings in acute and chronic beryl- 
lium disease are described. P6 17:2 

The terms to be used in this description 
of the roentgenographic densities are granu- 
lar, nodular, and linear. In earlier reports of 
roentgenographic abnormalities, these 
terms were often used to designate a stage 
in the duration or development of chronic 
beryllium disease. These terms have also 
been employed in other reports as if they 
represented qualitatively different. patho- 
logic changes, e.g., a granuloma or an area 
of fibrosis. To make such specific inferences 
does not appear possible since no detailed 
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correlative studies have been done. The 


densities reflect an interstitial inflammation 
of granulomatous character with or without 
varving degrees of fibrosis. This genera 
statement can be made because there are 
adequate pathologic data at hand from 
biopsy and autopsy materia 
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STRATIVE CASES 





jRANULAR DENSITIES UNCHANGED (ROENTGENOLOGIC 
OBSERVATION FOR I6 YEARS) 


Case 1. L.F.K,, a 24 year old man, was 
exposed to phosphors containing beryllium 
from March, 1941 to March, 1942. During the 
months following this exposure, he noted short- 
ness of breath, cough, marked weight loss, and 
at times night sweats, Cervical lymph node 
biopsv showed only reticular h PAPH While 
his course initially appeared progressive, signs 
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and symptoms gradually subsided. In 1g45 he 
passed a rena. stone found to contain beryllium. 
Thereafter he passed a number of renal stones, 
3 others of which contained beryllium. In 1955 
hypertension and albuminuria were noted dur- 
ing a routine pre-employment examination. By 
1959 he dev eloped svidence of severe renal dis- 
ease with uremia from which he died at the age 

of 43 in April, 1959. His long clinical remission 
from 1944 to 1959 and the unusual renal find- 
ings of an interstitial pyelonephritis have been 
previously reported.!? 

Roentgenographic Description and Comments. 
Roentgenogrz ms showed diffuse granular densi- 
ties throughout. For the period of 15 years that 
he was observed, these granular densities re- 
mained sharply defined, about 0.24 to o.¢ mm. 
in diameter, and were evenly distributed (Fig. 
1, 4, B and C). The hilar shadows were promi- 
nent, indicative of enlarged lymph nodes. A 


De 











Fic. 1. Case i. (O 1944 and (B) 1956. Sharply 
outlined granular densities unchanged over 
a ig year period; slightly enlarged lv mph 
nodes. (C) Close-up of right midlung field 
of 1956 roentgenogram, 
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histologic examination was made of lung tissue 
obtained at autopsy. Granulomas scattered 
through normal intervening interstitial tissue 
were calcified. 


The distinct outline of the small granular 
densities was attributed to calcification of 
the focal, well-circumscribed lung lesions. 
In a disease with a marked tendency to hea! 
by replacement fibrosis, the persistence of 
these granular densities without visible 
change over 17 years is, in our experience, 
most unusual. 


CONTRACTION OF UPPER LOBES ( ROENTGENOLOGIC 
OBSERVATION FOR I7 YEA RS) 


Case n. H.L., a 41 year old office worker, was 
first seen in 1947 because of cough and short- 
ness of breath. Physical examination was inil- 
tially normal. Tuberculin tests were negative. 
He had worked as a clerk at a fluorescent lamp 
manufacturing plant 4 years previously from 
1940 to 1943. He was exposed to significant 
amounts of toxic beryllium compounds because 
of uncontrolled manufacturing operations in the 
adjacent work areas. His symptoms gradually 
increased. In 1949 persistent bilateral fine rales 
were noted. Respiratory function studies car- 
ried out at the Harvard School of Public Health 
and the University of Rochester showed a “dif- 
fusion block.”*7 In 1950 he received a course of 
ACTH with clinical improvement.? He has since 
been treated with corticosteroids except for 
brief interruptions. He returned to work in 
1953 when his dyspnea appeared controlled by 
therapy. Repeated measurement of respiratory 
function during the course of his illness has re- 
vealed persistence of his original "diffusion 
block" and later ventilatory impairment con- 
sistent with a clinical diagnosis of epe 

Roentgenographic De. scription and Comments. 
A roentgenogram of the chest in 1946 was nega- 
tive (Fig. 2,7). One vear later there were early, 
but inconclusive, changes such as slight prom- 
inence of the bronchovascular markings and 
general haze in the lower lung fields. In 1948 
and 1949 a definite diffuse nodular pattern, 
more prominent in the perihilar zones, was pres- 
ent (Fig. 2B). These nodules were ill-defined, 
measuring about 2 mm. in diameter. In the 
ensuing vears there was a slight increase in the 
number and size of these nodular densities with 
a preponderance in the upper halves of both 
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lungs. There was a definite enlargement of the 
hilar lymph nodes. 

From 1951 to 1963 contraction of the upper 
lobes took place with coalescence of nodules and 
their transformation into patchy densities, 
particularly on the left (Fig. 2, C and D). 
Streaky linear densities as well as emphysema 
with bullae formation accompanied this proc- 
ess. Both hilar areas became elevated and 
pleural thickening was seen. A few scattered 
nodules revealed incipient central calcification. 


This case illustrates progressive pulmo- 
nary fibrosis with contraction of upper 
lobes accompanied by emphysema of lower 
lobes. This pattern, more often in aless 
advanced form, is seen in a number of cases 
of beryllium disease. 


EMPHYSEMATOUS CYSTS OF UPPER LOBES (ROENT- 
GENOLOGIC OBSERVATION FOR 14 YEARS) 

Casein. D.K., a 52 year old man, was work- 
ing in a fluorescent lamp manufacturing plant 
and had been there since 1940. He first noted 
dyspnea and cough in 1952. A chest roentgeno- 
gram showed diffuse nodular infiltrates. He was 
placed on meticorten with symptomatic im- 
provement. Nine years later, in 1961, he had 
weight loss, fatigue, increase in dyspnea and 
repeated smal) hemoptyses. On two occasions 
he produced as much as 2 cups of blood. A sec- 
ond-strength PPD tuberculin test was positive, 
but numerous cultures and guinea-pig inocula- 
tions for Mycobacterium tuberculosis were nega- 
tive. The Kveim test was negative. Bronchos- 
copy during an episode of hemoptysis showed 
blood coming from the left upper lobe. Lung 
function studies revealed a “diffusion block." 
'The vital and total lung capacities were reduced 
to £3 per cent and $4 per cent of their predicted 
values while timed vital capacity was normal. 

Roentgenographic Description and Comments. 
The first chest roentgenogram in 1949 was 
negative (Fig. 3.4), but roentgenograms in 1951 
and 1942 showed diffuse granular and nodular 
densities (Fig. 3B). A follow-up roentgenogram 
in 1957 demonstrated additional small linear 
densities as well as slight upper lobe contraction 
(Fig. 3C). At the time of the hemoptyses in 
1961 and later (Fig. 3D), there was further con- 
traction of the upper lobes: In addition, multi- 
ple bullae or cysts of varying size were inter- 
spersed throughout the upper lobes, more pro- 
nounced on the left. Some of them were actu- 
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} 1946. Negative. (B) UO. d 


ing, and basal emphysema. 





ally bronchiectatic cavities, Both apices were 
encased in layers of thickened pleura, and there 








deviation of the trachea to the right. The 
ilar shadows were distorted, slightly elevatec 


and laterally displaced. Aside from the pattern 
of fibrotic and cystic changes, the original pat- 
tern of ill-defined granular, nodular, and reticu- 


pu 
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ar densities continued to persist, noticeably in 
the middie and lower lung fields. 
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CONTRACTION OF LOWER LOBES (ROENTGENOLOGIC 
OBSERVATION FOR ES YEARS) 


Case Iv. SN 














a, a 42 year old woman, was ex- 
posed to beryllium compounds in a fluorescent 
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(C) 19§3 and (D) 1963. Conglomeration of nodular densitie 
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eme 


ties with slightly enlarged lymph nedes, 


s, contraction of upper lobes, pleural thicxen- 





amp manufacturing plant in 1942, first as a 
tube inspector and later as a laboratory tech. 
mician analyzing bervllium-containing fuore 
cent powders. She remained in good health unti 


Èa 











$3 when she developed fatigue, anorexia, anc 
aight loss. At this time physical examination 





fas unremarkable and tuberculin and Kveim 
tests were negative. Respiratory function 
studies in 1985 showed a "diffusion block" and 
a reduction in lung volumes. On meticorten she 
showed some improvement in respiratory func- 
tion measuremer ts. However, the improvement 
did not continue for studies in 1957 showec 
further diminution in lung volumes. 























Zi 


Vou. 93, No. 4 .ong-Standing 








Fic. 5. Case i. (4) 1949. 
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Negative. (B) 19st. Granular and ill-defined nodular densities in both lungs. (C) 
1957. Early upper lobe contraction and scattered linear densities. (D) 196 


3. Marked upper lobe contrac- 


x, 


tion, bullae, bronchiectatic cavities, and basal emphysema; pleural thickening with deviated trachea; 


persistence of nodular and granular densities. 


Roentgenographic Description and Comments. 
The earliest roentgenograms, obtained in 1948 


and 1953, were negative (lig. 4.7). In 1955 


multiple granular and medium-sized nodular 
densities were seen in both lung fields except for 
the apices (Fig. 48). Superimposed upon these 
nodules were a few linear densities in both lower 
lung fields. The minor fissure was displaced in- 
feriorly due to a decrease in volume of the right 
middle and lower lobes. 





Over a period of five vears, there was a steady 
increase in the contraction of both lower lobes 
with a concomitant increase in the linear densi- 


ties (Fig. 4, C and Dj. There was also a further 
descent of the minor fissure, corroborating the 
decrease in the volumes of the right middle and 
lower lobes. This was accompanied by compen- 
satory upper lobe emphysema. 

As in the previous case, these roentgenograms 
also illustrated progressive pulmonary fibrosis 
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Fic. 4. Case 1v. (4) 16 


egative, (B) 1955. Granular and nodular c 





lensities in both lung fields. (C and D) 


1963. Linear densities in both lower lobes with progressive lower lobe contraction, 


out confined to the lower lobes. In our experi- 
this pattern of contraction in the lower 
dure 





YSEMATOUS CYSTS OF LOWER LOBES (ROENT- 
GENOLOGIC OBSERVATION FOR 15 YEARS) 
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ASE V. N.l., a 41 year old patient, worked in 
a fluorescent lamp manufacturing plant from 
1940 to 1945 where one of her Jobs was breaking 


fluorescent tubes. She developed cough, dvsp- 
nea, and weight loss in 1943. Roentgenograms 


showed diffuse nodular densities. By 1921 her 
symptoms had progres: that she was 
placed on corticosteroids. By 1956 she had to 
give up her household duties. Her course wa 
complicated bv episodes of pleuritic chest pain, 
fever and increase in cough and sputa, as well 
as by repeated pneumothoraces. Hemoptvsis 
was frequent and on one occasion a bronchos. 
copy rev | blood coming from the lett 


sed So 























(aled 
upper Jobe, Cor pulmonale developed and she 
died, after 17 vears of illness, in March, 1960. 














Roentgenographic Description and Comments. 
The first chest roentgenogram in 1944 showed 
shght prominence of the hilar shadows, a gen- 
eral haze in the mid and lower lung fields anc 


questionable early granular densities (lig. 5.7 








| g 
In 1949 and 1950 multiple granular and poorly 


P 





defined nodular densities were visible, accom- 
panied by scattered small linear densities, sma 





emphysematous cysts in both apices and 
slightly enlarged hilar lymph nodes (Fig. 5B). 


In 1955 there was a marked increase in size of 
the cysts or bullae in the left apex and to a lesser 
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ise v. (£) 1944. General haze of lung fields w : 
nodes. (5) 1950. Mixed granular, nodular, and a few scattered patchy densities; 
se in size of upper lobe cvsts predominantly on left; 











ith early granular densities; slightly enlarged lymph 








ts in apices, 


H 





‘near densities 


Ge! 





in the right apex associated with gen- 
d emphysema (Fig. £C). 

"rom 1955 to 1960 there was a marked in- 
crease in the number ot cysts along with exten- 
sion into the lower lobes (Fig. 5, D and È). 
With the emphysematous and bullous changes, 
conglomeration of the granular and nodular 
densities and increase in linear densities were 
present. A pneumothorax was notec in the 1960 


roentgenogram. 
Rupture of cysts was a frequent occurrence 
. This complication 


ading to pneumothoraces 























Fic. s. Case v. (E) to6o. Extension of cysts into 
lower lobes with pneumothorax; linear opacities 
with distortion of hili, 


is known to the Beryllium Registry in over 10 
per cent of cases.!? 

Postmortem examination of the lungs re- 
vealed calcification within the nodular and 
granular densities. Extensive bullae formation 
with extension into the lower lobes was the pre- 
dominant late change. 


CALCIFICATION OF NODULAR DENSITIES (ROENT- 


GENOLOGIC OBSERVATION FOR 9 YEA RS) 
Case vr. C.M., a 38 year old housewife, 
worked at a fluorescent lamp manufacturing 
plant in the incandescent lamp division from 
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1943 to 1947. However, she had many contact 
with work areas involving the manufacture o 
beryllium-containing fluorescent lamps. Shi 
first noted dyspnea and cough in 1949. No clini 
cal studies were done until 1954 when a ches 
roentgenogram was considered abnormal be 
cause of many fine nodular densities diffusely 
scattered throughout both lung fields. Respira- 
tory function studies revealed a "diffusior 
block," reduction of her lung volumes, anc 
slight impairment of timed vital capacity, 
Tuberculin and Kveim tests were negative. 

In 195: noncaseating granulomatous and 
interstitial pneumonitis consistent with beryl- 
lium disease was observed on lung biopsy speci- 
mens. Beryllium was present in the specimen. 
She was placed on meticorten with some im. 
provement but has remained limited in her ac. 
tivities, 

Roentgenographic Description and Comments. 
A chest roentgenogram 7 years after exposure 


In the ensuing years, follow-up roentgeno- 
grams demonstrated small calcified foci within 
the central portion of the original parenchymal 
nodules. The calcification involved the core of 
the nodule, leaving a low-density halo and was 
Most pronounced in the densities of the upper 
lung fields. It had developed gradually over 
many years, and was best seen on the latest 
examination in 1965 (Vig. 6B), 


We have seen calcification in parenchy- 
mal nodules to even a greater degree in 
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Fic. 6. Case vi. (4) 1955. Multiple nodular densities with slightly enlarged lymph nodes. (B) 1963. Slight 
degree of nodular calcification predominantl y in upper lung fields. 
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the 


several cases of which the following is 
most marked example. 


CALCIFICATION OF PARENCHYMAL NODULES WITH 
STONE FORMATION (ROENTGENOLOGIC ORSERVA- 
TION FOR 18 YEARS) 


Case vir, K.S., a 52 year old woman, worked 
on radio tubes between the ages of 16 and 27. 
Work included wiring tubes, welding parts, and 
mounting grids coated with beryllium. At the 
age of 28, she noted shortness of breath, cough, 
and weight loss. Roentgenograms showed dif- 
tuse nodular densities. Histoplasmin and tuber- 
culin skin tests were negative.!* Her condition 
gradually deteriorated, and eventually she was 
confined to a wheel chair. She coughed up small 
lung "stones" which were found, on spectro- 
graphic study, to contain beryllium. She died 
in respiratory failure in 1965. 

Roentgenographic Description and Comments. 
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lic. 7. Case vit. (£) 1942. Nodular densities 
in both lungs; slightly enlarged lymph nodes. 
(B) 1947. Early calcification of nodules. (C) 
1950. Further progression of nodular cal- 
cification associated with marked upper 
lobe contraction, pleural thickening, and 
emphysema. 


On the initial chest roentgenogram in 1942, ob- 
tained 12 vears after the first exposure, there 
were diffuse small nodular densities in both 
lung fields along with slight enlargement of 


Pega 


hilar lymph nodes (Fig. 7-7). A few nodules con- 
tained central areas of calcification (Fig. 7B). 
The calcification of the nodules was progressive, 
and on the latest roentgenogram in 1960, most 
of the nodules were entirely replaced by calcium 
densities (Fig. 7C). Concomitant with this proc- 
ess of caleification were upper lobe contractions 
with elevation of both hili, apical pleural thick- 
ening, particularly on the right, and basal 
emphysema. 


This case illustrates the extent to which 
the calcific process may progress, replacing 
the entire nodule, whereas in other cases, 
for example Case vi, the process was less 
extensive. In our experience calcification 
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has occurred more commonly in beryllium 
disease than in sarcoid. 





DISAPPEARANCE OF NODULAR DENSITIES, DIFFUSE 
EMPHYSEMA, AND UPPER LOBE CONTRACTION 
(ROENTGENOLOGIC OBSERVATION 


FOR 17 YEARS) 














Case vur. F.A., a 42 vear old female, worked 
in the fluorescent lamp industry from 1939 to 
1943. In 1944 at the age of 22, she complained 
of cough, dyspnea, and weight loss. Symptoms 
1946 she was a 





repidly progressed so that by 
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ic. 8. Case vin. (/f) 





) 1946. Granular and 
nodular densities in both jung telds with 
slightly enlarged lymph nodes. (B) 1950. 
Superimposed linear densities in upper 
lobes with contraction. (C) 1960. General- 





ever 


ized emphysema with linear densities and 
disappearance of granular and nodular 


densities. 








bed and chair patient. A pneumothorax compli- 
cated her disease in 1947 and 1924. Cor pul- 
monale and congestive failure supervened in 
1962. Since 1951 she has been treated with 
corticosteroids. 

Roentgenographic Description and Comments. 
Roentgenograms made in 1945 and 1946 showed 
diffuse, evenly distributed nodular densities, 
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The lymph nodes were slightiy en- 


interspersed with numerous granular densities 


lig. 8.4). 








ght increase in size was noted in the 
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nodular densities in the upper lung fields. In 
19s0 there was slight conglomeration of the 
upper lobe shadows with a few superimposed 
linear densities (Fig. 8B). Both upper lobes 
were slightly contracted and both hili were ele- 
vated. 

In 1960 the granular and nodular densities 
were not visible. There was diffuse emphysema 
with upper lobe contraction (Fig. 8C). Fine 
inear densities were scattered tiscuphont the 
emphysematous lung fields. 


This case demonstrates the disappear- 
ance of granular and nodular densities on 
the roentgenogram to a point where by 
'oentgenologic means diagnosis is not read- 
lv possible. 


DISCUSSION 


The reported 8 cases, observed for up to 
(8 years, illustrate the development of 
inusual pulmonary patterns in long-stand- 
ng beryllium disease. 

The pulmonary changes consisted of 
granular, ill-defined nodular and linear 
ices occurring singly and in combined 
orms. Lymph node enlargement, slight to 
noderate in degree, accompanied these 
ung densities in 6 out of the 8 cases re- 
ted here. A mixed pattern of granular 
ind nodular densities was most commonly 
een. In Case 1, the persistence of granular 
lensities diene. unchanged over a period of 
$8 years, is a most unusual pattern and 
arely observed. That calcification of differ- 
‘nt densities may take place in beryllium 
lisease is not generally appreciated. This 
inding we have observed in several cases. 
[he extent and degree of nodular calcifica- 
ion vary as illustrated by Cases vr and vir. 
"athologic studies reveal that such calcifi- 
ation of nodules may be present (Cases 1 
nd v) although not seen on roentgeno- 
rams. Small and scattered linear densi- 
ies often develop in the course of vears. In 
dvanced cases, linear densities may be 
ery marked and associated with contrac- 
ion of segments and lobes, conglomeration 
f nodular densities, and emphvsema with 
ullae formation (Cases 11 to v). 

Such roentgenologic changes most fre- 
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quently involve the upper lobes. In con- 
trast, similar fibrotic changes confined to 
the lower lobes (Case m1) are very rarely 
seen. The formation of large bullae in the 
lower lobes as in Case v is likewise very 
infrequent. When hemoptvsis occurs, the 
question of whether such cvsts are tubercu- 
lous cavities becomes a clinical issue. In 5 
well-studied cases an acid.fast infection 
was ruled out completely. 

Concomitant with the fibrotic and em- 
physematous lung changes, there may be a 
diminution in the number of granular and 
nodular densities to a point where a roent- 
genologic diagnosis of beryllium disease is 
not considered (Case vil). 


SUMMARY 


A roentgenologic studv of 8 cases of 
chronic pulmonary berylliosis is presented. 
A brief history of each case is outlined along 
with a discussion of the development of 
patterns of roentgenographic changes seen 
after many vears of follow-up observation. 


Alfred L. Weber, M.D. 
Department of Radiology 
Massachusetts General Hospital 
Boston 14, Massachusetts 
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roentgenograms in Case 1, Dr. John V. Cunney, 
Salem, ur ae for Foentgenoerams in 
er and Have E. Dickson, Sylvania Cor. 
poration, for early roentgenograms of several] 
of the patients. 
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RUPTURE, AND AMPUTATION* 
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LUNT or penetrating trauma to the 

abdomen or flank is a common occur- 
rence, !:3-4.7-8,9,10.12,13,14.16 Vita] bodily func- 
tions are often disturbed and organ systems 
may be temporarily or permanently dam- 
aged. An injury of the abdominal wall or 
flank may be accompanied by serious 
lesions of the viscera without any visible 
sign of injury to the abdominal wall. The 
solid viscera of the abdomen (liver, spleen, 
pancreas and kidnevs) are particularly 
vulnerable to injury. Pathologic states 
such as tumor, hydronephrosis or over- 
distended bladder predispose these organs 
to traumatic injury i 

In general, intravenous pyelography may 
demonstrate a deformed renal pelvis due 
to compression by intrarenal hematoma or 
compression of the kidney or pelvis by an 
extrarenal hematoma. Deformation may 
also be caused by a blood clot, or two or 
more of these factors in combination. The 
demonstration of extravasation of contrast 
medium from the renal pelvis into the 
parenchyma or outside the kidney provides 
a conclusive sign of rupture." 

In recent years, angiography has been 
used to evaluate renal trauma.’ In 1963, 
Olsson and Lunderquist! performed renal 
angiography on § cases of acute renal 
trauma. In 1 patient no change was found 
on angiography. In 3 patients the kidney 

was displaced by d hematoma but 
no evidence of true renal rupture could be 
demonstrated. In only 1 patient, the exam- 
ination revealed the presence and extent 
of renal rupture. 

In 1963 Capek and Fojtik? reported 4 
cases with angiographic documentation; in 
1 case trauma to the lower pole of the kid- 
nev was defined bv a hazy area of ischemia 


involving the medulla and cortex. The 
arterial phase failed to reveal the problem. 
A second case, once again on nephrogram 
effect, showed a rather vague ischemic area 
defined against the surrounding well opaci- 
fied parenchyma. A third case showed com- 
pression of the renal parenchyma with 
spreading of the renal artery branches and 
gross displacement laterally of the capsular 
artery, markedly distorted by the large 
intracapsular hematoma. 

Hemley and Finby® reported 2 patients 
with renal trauma and involvement of the 
main renal artery. In 1 patient, thrombosis 
of the renal artery resulted in almost com- 
plete occlusion. In the second patient, 
there was diminution of artery size and 
number of branches. 


PROCEDURE 


Our animals were prepared by using the 
Seldinger technique of retrograde femoral 
artery catheterization. The dogs were then 
laparotomized and prepared for kidney 
trauma in the dog laboratory, and were 
then transported to the radiologic special 
procedure room. 

Trauma was inflicted by three methods. 
First, by crushing the kidney between two 
flat instruments until laceration occurred 
in the outer aspect of the kidney. The 
amount of resulting trauma ranged from 
minimal laceration in the capsule and 
parenchymal crush to extensive laceration 
of the capsule and crushing of the cortex 
and medulla. The second method employed 
was incision of the capsule and of the im- 
mediately underlying parenchyma, with 
subsequent sal of this by using the 
handle of the scalpel (Case 1, Fig. 1 through 
4). Bv this means, the depth and extent of 


* From the Departments of Radiology and Urology, 5t. Luke's Hospital, New York. New York, 
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Fic. 1. Case i. I E 
mediately prior to study an incision was made 
through the capsule and peripheral cortex, then 
deeply extended by using the handle of a scalpel 
to the depth of three-quarter inch. The opened 
plane of the injury faced the roentgen-ray beam. 
Little disturbance in the arterial branches is seen, 





carly study in arterial phas 
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injury was controlled. The third method 
was direct amputation of a segment of 
kidnev. | 3. Case t, One week following trauma, arte- 


‘ollowing trauma, retrograde aortic in- nal branching appears normal, 
Jections were performed to evaluate 


e the 
main renal arteries, renal artery branches 
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Fic. 4. Case 1. Nephrogram phase again demon- 
strates deep cleft in kidney parenchyma. The mar- 
Fig. 2. Case r. Nephrogram phase showing deep gins of the lesion are hazy indicating onset of 








—- 


cleft in the kidney at site of capsule incision. I 


realing. 





Fic. g. Case ii. Roentgenogram following extensive 
trauma across ventral surface of lower half of kid- 
ney. Small seration is noted on nephrogram in 
suet pole. Overlying normal parenchyma ob- 
scures the lesion to great degree. Defects are best 
seen in cross section rather than en face. 


and kidney parenchyma. Early in the film 
serie es, that 1s, in the first 2 seconds, the 
arteries and their branches are most clearly 
defined. As filming continues, the kidnes 
parenchyma receives the main bolus of 
contrast material and the nephrogram ef- 
fect becomes the most prominent. The 
most minimal changes are seen reliably only 
during the nephrogram phase (Case m, 
Fig. 6 through 10). The kidney parenchyma 
adjacent to the capsule involved by the 
lesion loses its sharp outline and the 
nephrogram effect tends to decrease. It the 
defect is broad and deep and facing the 
roentgen-ray tube in cross section, it will 
be seen. If the lesion is not seen a cross 
section, f.e., if the roentgen-ray passes 
through considerable normal tissue dorsal 
and ventral to the plane of injury, the in- 
jury not be visualized (Case 11, Fig. 
5). As the defect increases in size, the 
de es of demons strating t the lesion during 
the arterial phase increases. Displacement 
of the collecting system and capsular 
arteries will necessarily depend to a degree 
upon an intact capsule which will retain 
the parenchymal hemorrhage. 

When a portion of the kidney is am- 
putated, the arterial supply is abruptly 
interrupted; thus it is well shown during 
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Fic. 6. Case iit. Ieoenteenogrdm made immediately 
following laceration 15 inches long. Note defect in 
cortex in early nephrogram phase. Cleft partly 
covered by a Aalled vessel. 


the arterial phase (Case tv, Pd 11 and 12; 
Case v, Fig. 13 through 16). The remaining 
kidney 1s well outlined in the nephrogram 
phase. Extravasation of contrast material 





Fic. 2 lucent 


7. Case ir. Seven weeks post trauma, 
clefts are seen in the nephrogram phase. The mar- 


gins of the 
earl y healing. 


defects are less sharp, demonstrating 








Fic. 8. Case ur Thirteen weeks post trauma; early 











arterial filling is demonstrated, Little clue to the 
trauma is seen. Main vessel branches are not 
disturbed. 
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ise 1H, Thirteen weeks post trauma; defects 
il clearly seen in nephrogram phase. Healing 
has progressed as shown by haziness of margins. 
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it, Case rv. Roentgenogram made in mid- 
arterial filling immediately following amputation of 
the lower pole of the left kidney. Note abrupt loss 
of vessels and extravasation of contrast material at 
site of amputation, 
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ase it. Close-up view of injured cortex in 
late nephrogram phase. Irregularities extending 
into the cortex are demonstrated as well as a loss in 
smooth outer contour of corte 














. In the nephrogram phase 
orders are more cl defined. 


14. Case v 
amputation | 








eft renal artery was isolated and su jJectec 

| to crushing by application of a hemostat 

Fic. 12. Case 1v. In the early nephrogram BU. > many times over a specific segment. The 
sarily de- 


the limits of the amputation are more cl | l E a AE 
= MAP Ss arterial segment became discolored and 
fined. Extravasation is less prominent, = 
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contused. During retrograde catheter stud- 
: - . ies, definite areas of narrowing were seen 
trom the amputated edge of the kidnev can definite areas of narrowing were see 


at the site of trauma. One week and one 
month post trauma, abnormalities were 
still present. 


be demonstrated. 
Finally, direct trauma to the rena artery 
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was applied (Case vr, Fig. 17 and 18). The 





^. 














Fic. 13. Case v. Roentgenogram made in arterial — Fic. 1s. Case v. One week following trauma, the loss 
phase following separation of lower pole of the left of vessels appears to have spread more centrally 
kidney and then replacement of lower pole by than the edge of the amputation, This presumably 
resuturing capsule. Note loss of vessel branches. is due to vessel thrombosis. 
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Following the initial trauma, the laparot- 
omy was closed and all dogs were return ed 
to the dog laboratory to await tull recovery. 
They were then restudied at varying 1n- 
tervals. One week following trauma, earlv 
signs of healing were demonstrated. In the 
minimal lesion group, 7.e., those kidneys in 
which trauma could be demonstrated only 
in the nephrogram phase, no change was 


seen in the arterial pattern. However, in 
the nephrogram phase a definite haziness 


probably includes lesions up to 4 cm. in 
length. 

In the group of more extensive lacera- 
tions, healing was more obvious as the 
lacerated edge developed a less well de- 
fined margin. In the group of kidneys with 
amputation of a lower pole tip, the detect 
was still seen by abrupt ending of arterial 
pattern and by a well defined loss of the 
nephrogram effect in the part of the kidney 
amputated, However, a definite change was 
noted in the healing process. A retrograde 
thrombosis of the arterial branches oc- Fic. i7. Case vi. The left renal artery was isolated 





curred so that the arterial vessel pattern and subjected to crushing by application of a 
appeared less peripheral than "mmediatelv — hemostat several times. The segment became dis- 


colored and appeared contused. Roentgenogram 
following trauma shows irregular narrowed areas. 


post trauma. The nephrogram phase also 
decreased awav from the line of amputa- 
tion to coincide with the retrograde throm- 
bosis. 
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Fic. 16. Case v. Nephrogram effect shows loss of 
opacity along the edge of amputation and extend- — Pic. 18. Case vi. Study 1 week post trauma shows 
ing centrally as well. narrowed areas still present at site of trauma. 
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SUMMARY 


This work was performed to evaluate the 
degree of kidney trauma which could be 
reliably shown on retrograde renal arteri- 


taneous retrograde catheterization was 
used. The material obtained suggests that 
small lacerations of the kidnev will not be 
seen during the filling of the renal artery 
branches but can be seen in the nephro- 
gram phase. The success of visualization 
will depend on the plane of injurv in rela- 
tionship to the roentgen-rav beam. Ideally, 
à cross sectional position of the lesion in 
respect to the roentgen-ray beam is needed. 
Study of potential kidney rupture in both 
anteroposterior and lateral views is thus 
suggested. Large amounts of overlving nor- 
mal tissue will definitely obscure the small 
lacerations. Large lacerations will be best 
seen in nephrogram phase but are less de- 
pendent on the relationship of the plane of 
the lesion in respect to the roentgen-ray 
beam. Portions of the kidney traumatically 
amputated should be seen clearly in both 
arterial and nephrogram phases. 

All animals were studied at intervals and 
signs of healing were demonstrated 7 days 
post trauma. 


Richard D, Kittredge, M.D. 
Department of Radiology 

St. Luke’s Hospital 

Amsterdam Avenue and 113th Street 
New York, New York 10025 
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THE ROENTGEN DIAGNOSIS OF 
RENAL VEIN THROM BOSIS* 


EXPERIMENTAL ASPECTS 
By ANDREW B. CRUMMY, M.D.,t and FLORENCIO A. HIPONA, M.D.4 


NEW HAVEN, CONNECTICUT 





RE AL, vein thrombosis may occur as a 
complication of several diseases. In 
children it 1s often related to dehydration 
secondary to diarrhea.? Such diverse pre- 
existing pathologic conditions as renal neo- 
plasms, pyelonephritis, papillary necrosis, 
amyloidosis, trauma and interior vena caval 
thrombosis have been reported in adults. ? 
The clinical picture of renal vein thrombo- 
sis, which depends to a great degree on the 
rapidity of the vascular occlusion, may be 
difficult to distinguish from the primary 
disease. If the thrombosis 1s rapid, the kid- 
nev becomes engorged, the capsule distends 
and hemorrhagic infarction results. In such 
instances, flank pain may be experienced 
and a tender, enlarged kidney may be pal- 
pated. However, if the venous occlusion is 
gradual, the renal engorgement may be 
minimal, pain absent and viability of the 
kidney is preserved. 

Renal function may show only transitory 
derangement. The urinalysis frequently 
shows hematuria, albuminuria and pyuria. 
If involvement is unilateral and the kidney 
ceases to function, urinalysis may be nor- 
mal. Some patients with bilateral or 
unilateral involvement mav develop the 
nephrotic syndrome with hypertension, 
cholesterolemia and edema.’ 

In view of the nonspecific character of 
the clinical and laboratory manifestations 
of renal vein thrombosis, a roentgenologic 
study which would clarify the diagnosis ts 
desirable. An experiment was undertaken 
to evaluate, by means of retrograde aortog- 
raphy and selective renal angiography, 
the response of the kidney to occlusion of 


the renal vein, and to see if these proce- 
dures would be of value in the diagnosis of 
renal vein thrombosis. 


COMPLETE OCCLUSION 


Retrograde transfemoral aortorenal an- 
giographies (Fig. 1, Z and B) were per- 
formed on 5 dogs which had been anesthe- 
tized with nembutal.* The renal vein was 
then exposed and ligated close to the hilus. 
This was done on the right side in 3 dogs 
and on the left side in 2. The ligature on the 
left was proximal to the gonadal vein. Fol- 
lowing completion of the surgery, angiog- 
raphy was repeated utilizing similar fac- 
tors. 

Inasmuch as thorotrastT is virtually not 
excreted by the kidneys,’ thorotrast was 
used as one of the angiographic contrast 
media to obtain an accurate delineation of 
the renal circulation: arterial, nephro- 
graphic and venous phases. For excretory 
urography, renografin-6o0t was employed 
as the contrast agent. 

The kidney became rapidly tense and 
cyanotic. Postoperative angiographic stud- 
ies showed the slowing of the flow of con- 
trast material in the renal artery of the 
operated side, delayed appearance time in 
the renal veins, prolonged venous phase 
and the occluded renal vein. No collateral 
veins were visualized. The procedure was 


*Nembutal Sodium: Trademark of Abbott Laboratories, 
North Chicago, Illinois, for pentobarbital sodium, U.S.P. 

t Thorotrast: Trademark of Testagar & Co., Inc, Detroit, 
Michigan, for stabilized colloidal thorium dioxide solution, 

t Renografin-60: Trademark of E. R, Squibb and Sons, New 
York, New York, for diatrizoate methylglucamine injection, 
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and simultaneous opacification of the renal veins at 3 seconds. 


tound to be uniformly fatal within 18 hours. 
Necropsy showed rupture of the kidney 
and retroperitoneal hemorrhage. 


PARTIAL OCCLUSION 


In a second group of dogs, the above 
experiment was repeated but partial, rather 
than complete, occlusion of the renal vein 
was produced. This procedure was done on 
the right side in 2 animals and 1n 2 other 
animals on the left side. The caliber of the 
vein was reduced to an estimated 75 per 
cent. Serial studies by retrograde aortogra- 
phy, selective renal angiography and ex- 
cretory urographv were done preopera- 
tively, in the immediate postoperative 
period and subsequently at varying inter- 
vals. At the end of 8 weeks, the animals 
were sacrificed and vinvlite corrosion casts 
of the retroperitoneal venous system and 
upper urinary tract were made 7m situ. 

Immediately following partial venous oc- 
clusion, the kidney became turgid and 
dusky but the changes were not as marked 
as in the cases of total occlusion. The angio- 
gram made within 30 minutes of the partial 
occlusion showed that kidney size began to 
increase immediately. The maximum in- 
crease in size, judged by the length of the 
horizontal and vertical axes, occurred about 
the third postoperative day. Serial studies 
during the 8 week period showed gradual 


reduction in kidney size which stabilized 
at about 25 per cent larger than the control 
value. 

On the side of the partial occlusion, the 
arterial phase was initially prolonged. and 
the caliber of the arteries was reduced. The 
intraparenchymal vessels were spread and 
manv of the small vessels were not visual- 
ized. The over-all appearance was similar 
to that seen in moderate hydronephrosis. 
The origin of the renal artery from the aorta 
remained unchanged in size. However, the 
caliber tapered and reached a minimum 
diameter between 0.5 and 1.0 cm. from the 
aorta. The over-all appearance of the 
proximal renal artery was much like that of 
an arrowhead (Fig. 2, 4, B and C). The 
nephrographic phase was less dense. 

As the size of the kidnev began to de- 
crease, the renal arterv caliber increased as 
did the intensity of the nephrogram. When 
these findings had stabilized, the small in- 
traparenchy mal vessels were better seen 
but not as well as on the preoperative angio- 
gram. These changes would allow one to in- 
ter that renal blood flow was reduced. 

The reduction in renal size, the return of 
renal blood How and caliber of the renal 
artery toward normal closely paralleled the 
development of an extensive venous col- 
lateral circulation. As early as the fifth 
postoperative day, venous collaterals were 
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in an enlarged kidney; slow and delayec 
opacification of the partially obstructed 
renal vein (6 seconds compared to the 
normal venous opacification of 3 sec- 
onds); and no venous collateral visualiza- 


tion. 
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detectable and optimum demonstration 
was present by the twelfth day. Selective 
renal artery injection provided the best 
means of opacification of veins draining the 
kidney and proved conclusively that the 
vessels were not filling from other viscera 
frequently seen in retrograde aortograms. 

Most of the angiographically demonstra- 
ble collaterals (Vig. 3, Z and B) were part 
of the ureteric plexus of veins. Ordinarily, 
the ureteric venous network 1s very small 
and does not opacity. The direction of 
blood flow in the ureteric vein is obscure, 
but the blood from the upper third ot the 
ureter is believed to drain towards the 
renal vein.^* Under circumstances such as 
renal vein occlusion, the ureteric vein. en- 
larges and drains part of the renal blood 
into the vesical plexus which connects with 
the internal ihac vein. This anastomosis 
was well delineated bv internal iliac. vein 
injection of contrast material after bal- 
loon obstruction of the inferior vena cava 
(Fig. 4). 

The ureteric vein was one of the two ma- 
jor collateral svstems which were observed 
by Hollinshead and McFarlane,’ and Cox 
et al? in their dissections following partial 
renal vein occlusion. The other major sys- 
tem is the subcapsular plexus of veins which 
was discernible in one of our angiograms. 
These veins drained into the perirenal veins 
and then into the adrenal, gonadal and 
lumbar group which intercommunicate 
with the ureteric venous plexus. 


means of intravenous urography. All the 
kidnevs continued to excrete the contrast 
and no difference in concentration was de- 
tectable. The ureter on the side of the oc- 
clusion showed a scalloping-type defect 
(Fig. 5). 

At the completion of the project, vinvlite 


E 
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Fic. 4. Selective injection of radiopaque contrast 
medium into the left internal iliac vein with 
simultaneous balloon obstruction of the proximal 
inferior vena cava. This study demonstrated 
opacification of the ureteric vein which intercom- 
municated with the ovarian, lumbar, capsular and 
adrenal veins. 


Fic. 3. (4 and B) Aortorenal angiograms showed return of arterial, nephrographic and venographic circula- 
tion to almost normal. However, there was additional opacification of venous collaterals. Ureteric and 
capsular veins seen in (4) right sided lesion, 20 days postoperatively, in (B) left sided lesion, 7 days 


postoperatively. 





lic. $. Excretory urogram showed scalloping effect 
on the proximal left ureter due to the dilated 
ureteric vein. 


corrosion casts of the venous system of the 
retroperitoneal space and the upper urinary 
tract were made.!? By this method, the well 
developed collateral system was demon- 
strated and confirmed the angiographic ob- 
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servations (Fig. 6, Æ and B). The subcapsu- 
lar plexus was better outlined. The close 
relationship of the dilated and tortuous 
ureteric vein with the ureter was demon- 
strated. The undulations of the ureter were 
confirmed to be secondary to extrinsic pres- 
sure from the distended ureteric varices. 


SUMMARY 


The response of the dog kidney to acute 
complete and acute partial obstruction of 
the renal vein was studied by means of 
angiography. The capability of the kidney 
to survive renal vein obstruction depends 
upon the rapid development of an adequate 
collateral venous drainage. The appearance 
of the kidney and the renal circulation un- 
dergo rapid change and reflect the dev elop- 
ment of the collateral venous drainage. 

On the basis of experimental results, 
renal angiography ; is an excellent method of 
investigating renal vein thrombosis. Exami- 





Fic. 6. (4 and B) Vinylite corrosion casts of the retroperitoneal venous system and the upper urinary tract. 
The roentgenographic findings were confirmed and demonstrated the following venous collaterals: (1) 
ureteric vein; (2) capsular venous network; (3) ovarian vein; (4) adrenal vein; and (5) lumbar vein. 
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nation will show the arteriographic, nephro- 
graphic and venographic effects of throm- 
bosis of the renal vein. Furthermore, the 
study may show the pattern of vascular 
flow in the collateral circulation. 


Florencio A. Hipona, M.D. 
Department of Radiology 
Yale-New Haven Medical Center 
New Haven, Connecticut 06504 
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ANGIOGRAPHIC STUDY OF THE EFFECT OF VASO- 
PRESSORS EPINEPHRINE AND LEVARTER- 
ENOL—ON RENAL VASCULARITY * 


By MILTON ELKIN, M.D., and CHIEN-HSING MENG, M.D. 


NEW YORK, NEW YORK 


BRAMS e al? demonstrated clearly the 
teasibility of the use of angiography 
to study the effect of epinephrine on the 
renal circulation. With aortography or 
selective renal angiography in the dog, thev 
showed that epinephrine in intravenous 
doses of 10 to 40 ug. per kg. produces a 
zone of marked local narrowing at or near 
the bifurcation of the renal artery with 
dilatation of the artery proximal to this 
"sphincteric" constriction. 

Later, Abrams? injected epinephrine into 
the renal artery of a patient with hvper- 
nephroma of the kidney, in a dose of 0.25 
pg. per kg. This was followed by selective 
renal angiography 5o seconds after the 
administration of the epinephrine. There 
was opacification of tumor vessels but not 
of the normal parenchymal vessels, indi- 
cating that neoplastic vessels differ from 
normal vessels in their response to epineph- 
rine. He suggested that at this low dose the 
major effect of epinephrine is probably on 
the arteriolar bed as contrasted to the ef- 
fect of the larger doses in the dog on the 
main renal artery. 

There 1s general agreement that vaso- 
pressors cause an increase in renal vascular 
resistance with a subsequent decrease in 
the renal blood flow. However, agreement is 
not general as to the site or sites of the 
increased resistance. Epinephrine has been 
the subject of much study in this respect. 

Richards and Plant” reported that 
epinephrine causes constriction of the 
efferent arterioles, resulting in an increase 
in intraglomerular pressure and distention 
of the glomeruli as well as swelling of the 
kidney; they perfused the isolated dog or 





rabbit kidney with addition of a small 
amount of epinephrine to the perfusate. 
Worthen e£ a/.* reported that epinephrine 
causes constriction of the afferent arterioles 
with no increase in kidney weight; they 
perfused isolated dog kidneys at constant 
pressure, measuring changes in blood flow, 
urine flow, arterial and intrarenal venous 
pressures, and renal volume after single 
injections of synthetic epinephrine in small 
doses (e.g., 0.001 wg. per injection). Win- 
ton?! stated that there is constriction of the 
efferent arterioles and dilatation of the after- 
ent arterioles; he also had perfused dog kid- 
neys at a constant arterial pressure. Mover 
and Handley!? reported that epinephrine 
and norepinephrine reduce renal blood 
flow by producing efferent arteriolar vaso- 
constriction. Smith ef al? held that the 
eHerent glomerular arterioles afford the 
primary intrinsic regulation of the renal 
blood flow in man. They observed that the 
filtration rate remains essentially un- 
changed during epinephrine-produced dim- 
inution in the renal blood flow. Later, 
Maxwell and his group’ reported that in 
man epinephrine (within the usual thera- 
peutic dose range) increases all segmental 
renal resistance, although the effect is 
greatest in the venular resistance. 

Mehrizi and Hamilton reported that 
levarterenol produces increased resistance 
in the postcapillary segments, resulting in 
diminished renal blood flow, renal swelling, 
distention of the glomerular and possibly 
of the peritubular capillaries. They used a 
dye dilution method in anesthetized dogs 
to calculate renal blood flow and mean 
transit time. 


* From the Department of Radiology, Albert Einstein College of Medicine, Yeshiva University, Bronx, New York, 
This study was supported in part by the Health Research Council of the City of New York #U-1260, and Public Health Service 


Research Grant fAM-o3495. 
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The disparities in the reported actions of 
a given vasopressor on the kidney might be 
due to differences in the experimental set- 
up (such as isolated kidney as compared 
to those in the intact animal) or differences 
in dosage. Similar considerations might 
apply to the differences in the site of action 
attributed to various vasopressors, or the 
vasopressors may actually not be similar in 
action. Physiologic yardsticks used to de- 
duce mechanisms of actions of the vaso- 
pressors in respect to the kidney have in- 
cluded measurement of: clearances, filtra- 
tion fraction, urine output and renal vol- 
ume. Visualization of the larger renal artery 
branches by angiography has yielded signif- 
icant findings. Trueta ef aZ? carried out 
aortography in the rabbit using sodium 
iodide and thorotrast; epinephrine in high 
dosage (100 to 170 ug. per kg.) administered 
intravenously produced narrowing of the 
renal arteries and renal veins. 

Voudoukis and Boucek” observed the 
effects of several vasopressors by perform- 
ing aortography in the anesthetized dog, 
obtaining single roentgenograms of renal 
vessel filling at a predetermined and 
selected phase of the cardiac cycle (inter- 
calative angiography). They concluded 
that pharmacologically induced vaso- 
constriction in the kidney is mediated by 2 
types of responses: (a) constriction of the 
lobular and cortical arterial branches, and 
(b) a generalized response affecting all of 
the renal artery branches. Epinephrine and 
norepinephrine in small doses produced re- 
sponse (a) and in larger doses response (b). 
Unfortunately, exact dosages were not 
stated nor was mention made of the con- 
trast medium used. It appears that “‘small 
doses" refer to about 6 ug. per kg. for 
epinephrine. 

For determination of renal blood flow, 
methods emploving clearance studies, such 
as the clearance of diodrast or para-amino- 
hippuric acid, are not applicable or reliable 
in situations where urine flow is greatly 
diminished or where urine samples cannot 
be collected. Clearance methods do not 
detail rapidly changing and short periods 
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of blood fow variation. Also, clearance 
methods prove inaccurate in the presence 
of rapid changes in systemic blood pressure. 
Methods requiring operative attack on the 
renal vessels, such as rotameters, thermo- 
stromuhrs, electromagnetic flowmeters and 
bleeding from the renal vein, are not satis- 
factory because of the possible abnormal- 
ities produced by the operation itself. 
Various dilution methods-~dye, thermal or 
tagged albumen-—are under study and may 
prove useful. Other possibilities include the 
gas diffusion technique and the disappear- 
ance rate of radioactive krypton with 
which the renal tissue has been saturated. 

Roentgenologic methods employing selec- 
tive angiography can reveal a good deal 
about the anatomy of renal vascularity and 
also provide important information about 
changes in blood distribution in the kidney 
without accurately quantitating the flow. 
Yet it may be possible with refinements in 
technique and evaluation to develop the 
method of selective angiography as a use- 
ful determinant of blood flow.® 

In an attempt to define further the effect 
of vasopressor drugs on renal vascularity, 
a series of studies has been done with 
various doses of epinephrine (suprarenin) 
and levarterenol (norepinephrine). In addi- 
tion to determining the results of different 
dose levels, there was also interest in the 
relative effectiveness of these two drugs on 
the renal vessels as well as in the investiga- 
tion of the mechanism of their action. 


TECHNIQUE 


Our studies have been done on dogs 
weighing 12 to 20 kg. A preshaped catheter 
(Odman red with an external diameter of 
2.0 mm. and a lumen diameter of 1.15 mm.) 
was inserted percutaneously into the fe- 
moral artery using the Seldinger technique. 
Under fluoroscopic control, the tip of the 
radiopaque catheter was guided up the 
aorta into the orifice of one of the renal 
arteries. In order to approach reproduc- 
ibility of injection factors in serial angiog- 
raphy, an automatic injector (Cordis) was 
used, which not only injects the same 
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amount of contrast medium each time at 
the same pressure, but also initiates the 
roentgenographic exposure at the same 
time in the course of the injection. Inas- 
much as the intrarenal veins are partially 
obscured by renal opacification produced 
by contrast medium excreted by the kid- 
ney, most of the studies were done with 
thorotrast, which is not excreted in the 
urine. The dose of thorotrast was 0.2 cc. or 
0.3 cc. per kg. Roentgenograms were made 
at the speed of 2 per second. Also cine- 
fluorography has been done at speeds of 16, 
32 or 64 frames per second. Blood pressure 
was continuously monitored by a catheter in 
the opposite femoral artery, using a pres- 
sure transducer. Also, aortography has 
been performed with the tip of the catheter 
in the aorta using hypaque (50 per cent) or 
thorotrast in dosage of 1 cc. per kg. 

In attempting to develop selective renal 
angiography as a rough measure of blood 
flow the following phenomena have been 
noted and evaluated: 


I. Size of the main renal artery. 

Degree of reflux of contrast medium 

into the aorta. 

3. Size of the interlobar arteries. 

4. Tortuosity of the interlobar arteries. 

5. Speed of emptying of the main renal 
artery and its branches. 

6. Intensity of the nephrogram. 

i 


v 


7, Extent and regularity of the zone of 


cortical intensification. 

8. Rapidity with which the intrarenal 
veins are first opacified. 

9. Opacified size of the renal vein and 
its major feeding branches. 

10. Rapidity of emptying of the intra- 
renal veins and the main renal vein. 
size of the kidney. 


In our dogs the main renal artery meas- 
ured about 4 mm. in diameter, gradually 
tapering in size to its major branches and 
then to the interlobar arteries. Discrete 
arcuate arteries and interlobular arteries 
were not usuallv seen, although the rich 
cortical flow was manifest by intense corti- 
cal opacification during the nephrographic 
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phase, the cortical rim measuring abou 
mm. to 8 mm. in width with well defi 
margins. With thorotrast there was g 
opacification of the main renal vein, 
major branches and the interlobar ve 
There was usually no or only very li 
reflux of the contrast medium into 

aorta under normal conditions during 

selective study. The arteries were empt 
of opaque medium in 1} to 2 seconds w 
first opacification of the nud veins 
second later. By 5 seconds the veins w 
no longer opacified or only partially op: 
fied. 

Single dose intravenous administrat 
of the tested drug was used for the m 
part, although long period intravenous 
fusion was employed in a few experimet 
In the case of single dose injection, 
drug was diluted with saline to a const 
volume (5 cc.) and angiography was [ 
formed | at the height of oe Died press 


of the. injection for m e and | 
arterenol. Initially, repeated experime 
showed that the contrast media used 
these studies do not, in themselves, ca 
a change in the appearance of the ang 
gram. It was also demonstrated that 

presence of the catheter in the renal art 
does not change the appearance of the re 
blood vessels (Fig. 1, Æ and B). 


EPINEPHRINE 


Doses of 0.§ to 1.0 ug. of epinephrine 
kg. usually caused no perceptible chan 
in the angiogram, although in an occasio 
animal there was slight prolongation of 
vascular phases. These doses produced o 
a slight rise in the mean svstemic bk 
pressure, usually less than i0 mm. 
and sometimes no rise at all. 

With 2 to 5 ug. per kg. there was 
increase in the caliber of the main re 
artery and its major branches as well 
dilatation of the interlobar arteries. In so 
experiments the nephrogram showed 
loss of intensity, the vascular phases w 
not changed in timing, the veins filled as v 
as in the control angiogram and the kid: 
did not change in size. In such experime 
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Fic. 1. (4) Thorotrast aortogram, with catheter 
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in the aorta, demonstrates renal arterial distribution. 


(B) Thorotrast selective right renal angiogram of same dog as in 4 shows the arteries of the kidney to 


appear unchanged. 


the angiograms suggested no perceptible 
change in the renal blood flow. 
the increased mean blood pressure at the 
time of the post-epinephrine angiogram-— 
about 40 mm. Hg with the 2 ug. dose and 
75 mm. Hg with the ¢ ug. dose—the lack 
of changes suggesting presse flow indi- 
cates increased renal resistance, very likely 
peripheral to the interlobar arteries result- 
ing in the dilatation of main renal and 
interlobar arteries. In several dogs this dose 
caused diminished intensity of the nephro- 
gram and prolongation of the vascular 
ph ases, indicating a diminution in. blood 
flow in spite of normal or increased caliber 
of the main and interlobar arteries (Fig. 2, 
i and pbs and 35 A and B). Again, these 
findings in conjunction. with diminished 
cortical intensification during the nephro- 
graphic phase indicatec increased vascu- 
lar resistance peripherally in the kidney. 
ith large doses of epinephrine, 15 to 60 
p per kg., there was evidence of marked 
e in renal vascular resistance, our 
findings confirming those reported by 
Abrams ef a£ With the rise in mean blood 
pressure—about 145 mm. Hg with the 30 
ug. dose-—there was dilatation of the aorta, 
lumbar arteries, mesenteric arteries and the 


In view of 


There 


main renal arteries. However, the major 
branches of the renal arterv showed nar- 
rowing near the site of branching of the 
main renal arterv; this constriction was 
sudden and marked, its extent dependent 
somewhat on the dose of epinephrine used. 
was poor filling of the interlobar ar- 
teries which were narrowed, and marked 
diminution or absence of the vascular 
nephrogram (Fig. 4, .7, B and C). Intra- 
renal veins and the main renal vein were 
poorly filled, late in being visualized if at 
all, and, when seen, appeared smaller in 
caliber than in the control study. As further 
evidence of the increased renal vascular 
resistance, there was on selective studies 
marked ncaa of the opaque medium from 
the renal artery into the aorta. 


LEVARTERENOL (N OREPINEPHRINE, LEVOPHE D) 


Ahlquist e£ al.’ reported that levarterenol 
has a greater pressor action than epineph- 
rine, but causes less intense renal vaso- 
constriction than does epinephrine. Good- 


man and Gilman’ stated that levarterenol is 


i1 times more active than epinephrine in 
ee to pressor activity. The method 
used in our levarterenol studies was similar 
to those with epinephrine, allowing a com- 
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Vic. 2. (4) Control thorotrast angiogram, 1 second after injection of the thorotrast (1 second film). (B) 


H 


Thorotrast angiogram after intravenous epinephrine, 2 ug./kg. (1 second film). Slight increase in caliber of 


main renal artery and more pronounced increase in size of the interlob: 


parison of the two drugs. The results indi- 
cated that levarterenol is actually as 
potent as or possibly more so than epineph- 
tine in respect to effects on the renal 
'ascularitv. Inasmuch as the two mole- 


cules are of about the same size (molecular 
weight of levarterenol about 8 per cent less 
than that of epinephrine), a comparison of 
the dosage of the two compounds by weight 
administered rather than moles equivalent 
is sufficiently. accurate. 

A dose of 0.5 to 1.0 ug. of levarterenol per 
kg. usually showed slowing of the vascular 
phases and diminution in the intensity of 
the nephrogram with slight increase in the 
caliber of the main renal artery. Hence, 
even at this small dose, there was indication 
of increased vascular resistance. With the 
o.s ug. dose, the mean systemic blood pres- 


- arteries. 


near the point of branching of the main 
artery with diminution in size of the inter- 
lobar arteries, lessening of the intensity of 
the nephrogram and late and poor filling of 
the intrarenal veins (Fig. 5, 4-/). These 
changes indicate increased resistance at the 
level of the major renal arteries, whereas 
this dose of epinephrine had produced 
changes indicating increased resistance 
peripheral to the interlobar arteries. 

The larger doses of levarterenol-—15 to 
60 ug. per kg.— showed changes like those 
produced by similar doses of epinephrine, 
usually with marked constriction at or just 
beyond the bifurcation of the main renal 
artery with narrowed interlobar arteries 
and diminished nephrogram (Fig. 6, -Z and 
Bh 
With both epinephrine and levarterenol 
at all tested doses, the kidney, where meas- 
urable, usually showed no change in size 
as seen on the roentgenogram. In only a 
few experiments, the kidney diminished 
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Control thorotrast angiogram 
cond film). (5) Angiogram after in- 
travenous epinephrine, 15 mg.kg. (1 
second film) shows marked constriction 
main renal artery at its distal 
portion and dilatation proximally. (C) 
Postepinephrine angiogram, 3.5 seconds 
after B (4.5 second film), $ 
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Fic. $. (4) Control thorotrast angiogram (1 second film). (8) Thorotrast angiogram after intravenous levar- 
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terenol, § wy. kg., (1 second film) shows constriction of the distal main renal artery 
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Fic. 6. G7) Control thorotrast aortogram (1 second flm). (8) Thorotrast aortogram after intravenous 






g. kg., (1 second film) shows dilatation of aorta, lumbar arteries and proximal main renal 
arteries. There is marked constriction just beyond the bifurcation of the main renal arteries with narrowed 
interlobar arteries. 
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ography had been completed before the oc- 
currence of the blood pressure rise. These 
studies indicate that epinephrine does have 
a direct action on the renal vascularity al- 
though its full effect could very likely not 
be demonstrated by this method in which 
the epinephrine and contrast medium reach 
the vessels simultaneously. 

A catheter was inserted percutaneously 
into each femoral artery and guided retro- 
grade in the aorta so that both renal 
arteries were catheterized. Control angiog- 
raphy was done with thorotrast (0.5 cc. per 
kg.), the medium being injected bv the 
automatic injector at the same time into 
both catheters through a Y-connector. 
Then epinephrine was injected into the 
catheter to the right kidnev (30 ug. per kg.) 
tollowed immediately bv thorotrast into 
both catheters through the Y-connector. 


On the right side there was dilatation of 


the proximal part of the main renal artery 
with marked constriction just proximal to 
its bifurcation with no filling of the inter- 
lobar arteries. The angiogram on the left 
side appeared normal. (like the control) 


(Fig. 7, £ and B). 


As further evidence of a direct effect of 


epinephrine on the renal vessels is the dif- 
ference in the appearance of the angiograms 
on the two sides in "recovery" studies. 
Epinephrine—30 ug. per kg.— was made up 


© 
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to I cc. with saline and injected rapidly 
into the right renal artery, followed im- 
mediately by angiography. During the 
time of angiography there had been only 
slight svstemic blood pressure change (ele- 
vation of gmm. Hg) with the major blood 
pressure elevation beginning about 1o 
seconds and its peak 27 seconds atter com- 
pletion of angiography (elevation of 6o 
mm. He). The renal artery showed marked 
constriction at its bifurcation with no 
opacification of the interlobar arteries. 
Then a bilateral selective study done 35 
minutes after the epinephrine injection 
showed a marked difference in the appear- 
ance of the two sides. On the right there 
was still some constriction at the distal 
main renal artery with dilatation of its 
proximal part, slow filling of the intrarenal 
arteries, no nephrogram and no venous fill- 
ing in 5 seconds. On the lett side the intra- 
renal arteries appeared normal with fairly 
normal vascular phases. 

Bilateral selective renal angiograms sim- 
tlarly demonstrated a direct effect of 
levarterenol. Forty-five micrograms per kg. 
injected into the left renal artery showed 
marked constriction of the artery just be- 
vond its bifurcation with only slight opaci- 
fication of the interlobar arteries which ap- 
peared attenuated. The angiogram of the 
right side remained like the control ( (Fig. 8, 





(A) Simultaneous bilateral selective thorotrast E immediately after injection of epinephrine, 


30 m yee into the right renal artery (1 second film) shows “epinephrine changes” on the right. The angio- 
gram of the left kidney is unchanged from its control appearance. (8) The 2.5 second study, 1.5 seconds 
after 4, shows no progress of the opacified blood on the right. The left kidney shows normal venous 


opacification. 
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iy: Control bilateral selective thorotrast angiog 
angiogram dd after injection of levarterenol, 45 ug. 





tilm) shows marked constriction of the 
remains ird (C) Control bilateral : 
tion bilaterally. (D) Post-dire 
progress of the opacified bolus on the 
good venous opacification, 




















Angiograms done io minutes later 

(Sis ed marked differences in the two 
SHUNTS 

[rueta ef a/? reported that intrave- 





nousiv administered adrenalin in dosage of 
OO to 170 ug. per kg. in the rabbit caused 
à cessation of blood flow eis gh the cor- 
e in some of their animals thev demon- 
strated a juxtamedullarv shunting of the 
bloo Montague and Wilson® later also 
showed juxtamedullary shunts in the rabbit 
with epinephrine in intravenous dose of 100 
ug. per animal. In none of our studies could 


S 
the “Trueta shunt" 








ye demonstrated in the 


left arteries dise bevond the bi^ 
selective angiogram (2. 
ct-levarterenol bilateral 
left. On the right the appearance 


m). CB) Bilateral selective thorotrast 
into the left main renal artery (1 
urcation, The right renal angiogram 
second film) shows good venous 8 Opi icifica- 
1.5 seconds after D, shows no significant 
that of the control (C) with 


"m (t second fil 


second 
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angiogram, 
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dog with either epinephrine or levarterenol 
confirming the report of Mover and Hand- 
lev! in this respect. 
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UMMARY 





Two vasopressors of the svmpathicomi- 
metic amine group-—-epinephrine and lev- 
arterenol —have been evaluated in respect 
to their etfects on renal vascularity in the 
dog, as judged by angiography. Both drugs 
produce E similar changes although levar- 
terenol appeared more potent than epineph- 
rine. 

















n small doses, these drugs showed 
changes suggesting increased vascular re- 
sistance at a level peripheral to the inter- 
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lobar arteries. In large doses thev caused 
constriction of major renal arteries. | 
Both drugs have a direct action on the 
renal vasculature. 
Juxtamedullary 
demonstrated. 


shunts could not be 


see Elkin, M.D. 
300 Morris Park Avenue 
New York 61, New York 


The authors gratefully acknowledge the 
assistance of Drs. Jose Martinez and Saul 
Boyarsky in some of the early experiments. 
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MORPHOLOGIC RESPONSES TO RENAL ARTERIAL 
PERFUSION WITH HYPAQUE* 
By L. R. JAMES, M.D., J. J. MATOOLE, M.D., H. L. DAVIS, Pu.D., 
and P. E. HODGSON, M.D. 


OMAHA, NEBRASKA 


DVERSE reactions to radiographic con- 
trast media have been of concern since 
their introduction into clinical radiology. 
The exact incidence of serious complica- 
tions following their use in diagnostic pro- 
cedures is not known with certainty. Nes- 
bit? reported that severe reactions of an 
allergic nature or shock occurred in ap- 
proximately 1 in S00 injections for intra- 
venous pyelography, although only 1 
fatality occurred in 144,000 examinations. 
In reviewing 15 years experience with 
intravenous urography, Pendergrass e al. 
noted a relatively constant mortality rate 
of about 8.6 per million injections in spite 
of an ever increasing number of examina- 
tions and the continuing introduction of 
new contrast agents. On the other hand, 
in a review of 13,207 abdominal aortog- 
raphies, McAfee? found an over-all inci- 
dence of fatal and serious nonfatal reactions 
of approximately 1 per cent. If these fig- 
ures are extrapolated for comparison to 
those of Pendergrass eż al., the mortality 
rate would be about 2,800 per million ex- 
aminations. This represents a 350 fold 
increase with the use of intra-arterial as 
compared to intravenous administration. 

The basic cause of most reactions is un- 
known, but much investigation into pos- 
sible etiologic mechanisms has been under- 
taken. 

Read?’ and Dean e al.’ have studied the 
effects of radiographic contrast media in 
the pulmonary and renal circulations. In- 
jection into the pulmonary artery was fol- 
lowed by an increase in pulmonary pres- 
sure, à decrease in systemic pressure and 
electrocardiographic abnormalities. 


In dogs whose kidneys were perfused with 
à bypass svstem from the carotid artery, 
injection. of contrast media produced a 
marked immediate increase in resistance 
to blood flow. These changes are dependent 
upon the presence of red blood cells and 
do not occur with saline or plasma per- 
fusion. Evidence has been presented that 
the observed changes result from crenation 
and agglutination of erythrocytes produced 
by the hypertonicity of the contrast 
media, 95 

Bernstein e£ al’ investigated the effects 
of go per cent hypaque in dogs, simulating 
the technique of intravenous aortography. 
Fatal results were associated with pul- 


monary congestion, hemorrhage, and 
edema, as well as electrocardiographic 


changes of ischemia and rhythm disturb- 
ance. In a subsequent study, red blood cell 
aggregation was observed in the conjunc- 
tival capillaries after the intravenous ad- 
ministration of the same media. These 
phenomena also have been observed by 
Gelin and his colleagues':?!? in patients 
with burns and other forms of trauma, and 
support the observations cited above. 

Sobin ef al’! examined the capillary cir- 
culation of the conjunctiva in 24 patients 
following intravenous pyelography with zo 
per cent hypaque and found erythrocyte 
agglutination and vasoconstriction in 20, 
but no actual stasis. The onset of these 
changes in the microcirculation occurred 
2-3 minutes after injection, reached a 
maximum in 4-6 minutes, and was usually 
followed by total regression within 20 
minutes. 

Wiedman™ examined the microcircula- 


* Presented at the Sixty-fifth Annual Meeting of the American Roentgen Ray Society, Minneapolis, Minnesota, September 29- 


October 2, 1964. 


From the Departments of Medicine, Surgery and Radiology, University of Nebraska College of Medicine and the Radioisotope 


Service, Veterans Administration Hospital, Omaha, Nebraska. 
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tory changes in the bat wing after intra- 
arterial injection of radiographic contrast 
media. She observed vascular narrowing, 
crenation and agglutination of erythro- 
cytes, and evidence of endothelial damage 
manifested by the adherence of leukocytes 
to the vascular lining. 

Lasser e£ alt and Morris and his co- 
workers? studied changes 1n renal tunction 
after intra-arterial injections of various 
contrast media and found good correlation 
of toxicity with the duration of retention 
of contrast material in the kidney. Micro- 
scopic examination of the kidneys revealed 
engorgement, varying degrees of tubular 
necrosis, and cortical infarction. The 
changes were attributed to vascular spasm 
with prolonged retention of the contrast 
materials. Likewise, Helander noted renal 
tubular damage and frequent cortical in- 
farction after intra-arterial injection of 
contrast media in r4 of 22 animals and 
concluded that if the angiogram was nor- 
mal then it was unlikely to be associated 
with any serious morphologic change. If the 
angiogram was abnormal, however, as 
manifested by persistence of the arterial 
phase, abnormal prolongation of the neph- 
rographic effect or with ragged, irregular 
accumulations of the contrast material, 
then invariably pronounced morphologic 
and functional change would be present. 
Nesbit has suggested that antigen- 
antibody reactions may be of importance 
and that premedication with antihistamines 
would be of value. However, Sandstróm?? 
has convincingly challenged the role of 
immunology in the pathogenesis of reac- 
tions. 

Lasser e£ al? studied the physical-chem- 
ical basis for toxic reactions and demon- 
strated a direct correlation of toxicity with 
the degree of protein binding to albumen by 
contrast media. Slight differences in chem- 
ical structure of the various contrast ma- 
terials, particularly the presence or absence 
of a prosthetic group in the § position of the 
benzene ring, were suggested as being im- 
portant determinants of binding affinity. 
The presence of a substituent in this posi- 
tion resulted in poor binding potential. 
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Davis? by modifying the plasma re- 
calcification test to yield control values 
parallel to the Lee White clotting time of 
whole blood, has shown that all radio- 
graphic contrast media shorten the re- 
calcified plasma clotting time by 50 to 7o 
per cent. In a fibrinogen-thrombin model, 
similar results were obtained, indicating 
that these media alter the colloidal stabil- 
itv of fibrinogen. Thus a pre-coagulant 
tendency is inferred. 

It is probable that rheologic changes oc- 
cur in practically every instance in which 
intravascular contrast media are em- 
ployed.” Yet the fact remains that in the 
majority of cases these changes produce no 
detectable, deleterious clinical effects. It is 
of more than passing interest that one-half 
of the fatal and one-fourth of the serious, 
nonfatal reactions noted by McAfee were 
of renal origin. While volume, speed, and 
anatomic site of injection as well as the 
clinical status of the patient are definitely 
of importance, no obvious explanation ex- 
ists for the occurrence of reactions in some 
instances but not in others. As noted previ- 
ously, adverse responses also occur much 
more frequently after intra-arterial injec- 
tion. Recent reports suggest that low 
molecular weight dextran may be of bene- 
fit in reducing the frequency of untoward 
reactions to radiographic contrast media.??? 
The present investigation was designed to 
further studv the effects of contrast media 
upon the renal circulation and to investi- 
gate possible methods of providing protec- 
tion. 


MATERIAL AND METHODS 


Adult beagle dogs were anesthetized 
with nembutal and divided into two expert- 
mental groups. 


GROUP I 

Celiotomy was performed and the aorta 
and both renal arteries were identifed. An 
umbilical tape was passed around the aorta 
between the origins of the right and left 
renal arteries so that when the tape was 
tightened, flow to the left kidney was oc- 
cluded, but flow to the right was pre- 
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served. À second tape was passed around 
the aorta 3 to 4 cm. distal to the first to 
permit occlusion of the distal aorta. A No. 
6 French N.LH. catheter was passed retro- 
grade through the femoral artery and 
positioned opposite the orifice of the left 
renal artery. Hypaque $0 per cent (dia- 
trizoate sodium), 3 ml./kg., was injected 
by hand in less than 15 seconds into all but 
one dog who received 2.5 ml./kg. Immedi- 
ately prior to injection, both tapes were 
tightened to occlude flow. Fifteen seconds 
after injection, the proximal tourniquet was 
released and 3 minutes after injection the 
distal tourniquet was released. The inci- 
sions were closed and the animals were re- 
turned to their cages. The group was fur- 
ther subdivided into animals who received 
no pre-treatment and those who received 1 
per cent of their body weight as low molec- 
ular dextran (mw 40,000) or commercial 
American weight dextran (mw 72,000) in- 
travascularly 15 minutes before injection. 





GROUP IT 


The operative procedure in this group 
was modified in that the aorta proximal to 
the renal arteries was not occluded. A loop 
of suture was passed around the right 
renal arterv to permit transient occlusion 
and an umbilical tape was passed around 
the distal aorta. A No. 6 French N.LH. 
catheter was passed retrograde through the 
femoral artery and positioned opposite the 
orifice of the left renal artery. Hy paque so 
per cent, 3 ml./kg., was injected through 
the catheter by hand in less than 15 sec- 
onds. Immediately prior to the injection, 
the blood flow to the right kidney and to 
the distal aorta was occluded. Thirty sec- 
onds following injection, occlusion of the 
right renal artery was released and 3 min- 
utes after injection the occlusion of the 
distal aorta was released. This group was 
also further subdivided into animals who 
received no pre-treatment and those who 
received 1 per cent of their body weight of 
either commercial American dextran or 0.9 
per cent NaCl intravascularly, 15 minutes 
before injection. Cinefluorography was per- 
formed during injection in this group. 
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RESULTS OF INTRA-ARTERIAL INJECTION OF 
HYPAQUE IN ANIMALS DURING COMPLETE 
STASIS (GROUP 1) 


Dog | Dose dim Right Left 

No. ml./kg. bis Kidney Kidney 
ment i 

24 2.5 None Excluded Negative 
2 3.0 None Excluded Infarcted 
26 3.0 LM Dx Excluded Infarcted 
ia 3-0 LM Dx Excluded Infarcted 
28 3-0 Am Dx Excluded Negative 
30 3.0 Am Dx Excluded Infarcted 





LM Dx=low molecular dextran (mw 40,000). 
Am Dx=commercial American weight dextran (mw 75,000). 


The animals were anesthetized 24 to 72 
hours after surgery, both kidnevs were 
removed and the animals were sacrificed. 
The kidnevs were fixed in formalin and 
examined after hematoxylin and eosin 
staining. 


RESULTS 


In Tables 1 and u the results obtained in 
the two groups are summarized. 


GROUP I—COMPLETE STASIS DURING INTECTION 


(a) Without pre-treatment. These animals 
received neither saline nor dextran before 
injection. In 1 animal no gross or micro- 
scopic lesions were noted. This is the only 
animal in either group who received less 
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RESULTS IN INTRA-ARTERIAL INJECTION OF 
HYPAQUE IN ANIMALS WITHOUT OBSTRUCTION 
TO RENAL BLOOD FLOW 
(GROUP 11) 


Dog Dose Pre. Right Left 
No. ml/kg. treatment Kidney Kidney 
34 3-0 0.9% NaCl Excluded Negative 
5o 3.0 09% NaCl Excluded Negative 
35 3.0 Am Dx Excluded Negative 
49 3.0 Am Dx Excluded Negative 
47 3.0 None Excluded Medullary 
Infarct 
6 3.0 None Excluded Cortical 
Infarct 
48 3.0 None Excluded Negative 


AMIMNI A tmt i AREER NA rrt maana naran at TTA rare 


Am Dx-commercial American 


weight dextran (mw 75,000), 
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than 3.0 ml./kg. of hvpaque 5o per cent. 
In the second animal a pale, wedge shaped 
area was present in the cortex on cut sec- 
tion. Microscopically, thrombi were noted 
in the larger vessels. Areas of coagulation 
necrosis with pyknosis and karvorrhexis of 
the nuclei were observed while the periph- 
ery of the lesion was surrounded by inter- 
stitial hemorrhage and congestion. Figure 1 
demonstrates a thrombus in an intrarenal 
artery while Figure 2 shows the histologic 
changes of renal infarction. 

(b) Pre-treatment with low molecular 
weight dextran. One animal showed histo- 
logic evidence of thrombi and infarction in 
the left kidney. The kidney of the other 
dog was histologically normal. 

(c) Pre-treatment with commercial Ameri- 
can weight dextran. Histologic evidence of 
thrombosis and infarction was noted in the 
left kidney of both animals. 

Examination of the right kidney of all 
animals was normal. 


GROUP IL—-CONTINUED ARTERIAL PERFUSION 
DURING INJECTION 
(a) MWithout pre-treatment. One dog 
showed no gross or microscopic evidence of 
abnormality. Of the others, 1 showed 
medullary infarction and 1 cortical infarc- 
tion in the left kidney. In these, cinefluor- 
ography revealed straightening of the renal 
arteries, multiple parenchymal filling de- 





Fic. 1. Thrombus in larger renal vessel after 
hypaque administration. 
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Fic. 2. Typical histologic pattern of renal 
infarction after hvpaque perfusion, 


fects and a prolonged nephrographic phase. 
These findings correlated with areas of 
gross and microscopic infarction noted on 
pathologic examination of the kidnevs. 
(b) Pre-treatment with American weight 


dextran. No abnormality was noted in the 


left kidney of either animal. 

(c) Pre-treatment with 0.9 per cent NaCl. 
No abnormality was noted in the left 
kidnev of either animal. 

Examination of the right kidney in all 
animals was normal. 

Comments. Ot the animals in which com- 
plete stasis was obtained prior to injection 
of hvpaque so per cent and which received 
3 ml.; kg., 80 per cent developed histologic 
evidence of thrombosis and infarction. The 
single animal receiving less than this vol. 
ume showed no gross or histologic changes. 
The single animal receiving this volume of 
contrast material which failed to show anv 
histologic lesion was pre-treated with low 
molecular weight dextran. Of the animals 
in which continued perfusion of the kidney 
was permitted, only 2 (28 per cent) showed 
morphologic damage. Cinefluorographic 
study in these animals revealed the changes 
described by Helander as being associated 
with morphologic damage.” Because of the 
time interval involved between injection 
and sacrifice of the animals, transient 
morphologic change as noted by others! 
may have been missed. 
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DISCUSSION 


In a study of the effects of contrast ma- 
terial on the kidney of rabbits, Idbohrn and 
Berg, using a technique similar to that 
employed in our Group 1 experiments, were 
able to produce morphologic changes of 
proteinaceous exudation, tubular epithelial 
necrosis, and cortical infarction. With the 
exception of infarction, most of the changes 
were reversible and regeneration was rapid. 
Contrary to our findings, however, no 
thrombi were found in the histologic sec- 
tions despite careful search. In their study, 
increasing the concentration of the con- 
trast material above a certain critical level 
was not accompanied by an increase in the 
severity of the injury produced. However, 
direct injection of the contrast media into 
a renal artery was followed by more severe 
injury. In a subsequent publication review- 
ing clinical reactions to renography, 
Idbohrn’’ did note a correlation between 
concentration and toxicity and again 
warned of the hazards of direct renal 
arterial injection. In this regard, Mullady 
et al.™ produced renal functional impair- 
ment with injection of hypaque directly 
into the renal artery of dogs. Significant de- 
creases in PAH and creatinine clearances 
were documented. 

At the present time, it is felt that two of 
the major, if not the most important, 
mechanisms involved in the production of 
adverse effects by radiographic contrast 
media are the development of vasoconstric- 
tion, and red blood cell crenation and ag- 
glutination. The former may be the result 
of damage of the endothelial] lining by 
direct contact with the media," or may 
be mediated by protein binding in the 
vascular wall.!® The latter might result 
solely from the exposure of circulating 
erythrocytes to a very hypertonic environ- 
ment!! or stem from interference with the 
physiologic dispersing effects of albumen 
through protein binding with the medium.!? 

In a recent review, Wells? has pointed 
out that fibrinogen plays a major rolein the 
production of red blood cell aggregation in 
the microcirculation by altering the balance 
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of dispersing and aggregating forces. Al- 
though not as yet evaluated, an alternate 
hypothesis would suggest that changes in 
fibrinogen might be of importance in these 
reactions. Fibrinogen changes are known to 
occur in burns, trauma, and other condi- 
tions of stress and parallel changes in the 
suspension stability of the blood.®* The 
production of microscopic sludging in the 
conjunctival capillaries with hypaque 5o 
per cent, a substance with little protein 
binding effect, would suggest that study of 
the role of fibrinogen might be a fertile 
field of investigation. 

The importance of changes in the coagu- 
lation system requires further investiga- 
tion before definite conclusions can be 
drawn. Davis* has shown that shortening 
of the plasma recalcification time is con- 
sistently reproducible in vitro with all com- 
mercially available contrast media. In 
preliminary work with both animals and 
humans undergoing urographic examina- 
tions, he has found consistent in vivo 
shortening of the whole blood clotting time 
after intravenous administration of many 
agents. However, the decrease in clotting 
time does not seem to have any readily ap- 
parent clinical significance in the usual case 
presenting for radiographic examination. 
On the other hand, in instances where 
erythrocyte aggregation and stasis are 
present, the formation of fibrin might con- 
vert a transient phenomenon into a per- 
manent thrombus. Thus, the previously de- 
scribed evanescent changes would become 
irreversible. In analysis of the present 
study, the single consistent factor which re- 
sulted in almost invariable histologic dam- 
age was stasis plus the introduction of con- 
trast media, producing thrombosis and in- 
farction. In the control kidney in Group 1, 
stasis alone did not result in any morpho- 
logic change. Likewise an equal volume of 
contrast material in Group m without 
stasis did not produce consistent change. 
Apparently, dilution during unimpeded 
flow offered some protective action. In vas- 
cular disease with significant degrees of 
vessel narrowing and obstruction, flow may 
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well be reduced and the possibilities of in- 
jury are therefore increased. The volume of 
contrast media used in this investigation is 
considerably greater than that used clin- 
ically. In disease states, however, regional 
flow 1s frequently altered and media may 
enter various channels in larger amounts 
than anticipated, as noted in some of the 
cases reviewed by McAfee and Wilson.?° 

Study of the pathogenesis of reactions to 
contrast media has stimulated interest in 
the investigation of methods to prevent 
them or to reduce the frequency of their 
occurrence. Because changes in the micro- 
circulation seem to be of great importance, 
agents altering microcirculatory events 
have received wide attention. 

Much has been written about the use of 
low molecular weight dextran (mw 40,000) 
in protecting against intravascular red 
blood cell agglutination. Gelin and his asso- 
ciates? have shown its beneficial effects in 
various surgical and experimental condi- 
tions. Finsterbusch eż a/.1° demonstrated a 
protective effect on the renal circulation 
when low molecular weight dextran was 
used in extracorporeal circulation. In dogs, 
Bernstein and Evans! reported an increase 
in the LDs of hypaque 90 per cent given 
intravenously from 3 ml./kg. to 6.5 ml./kg. 
and an increase in the maximal nonlethal 
dose from 2 ml./kg. to 4 ml./kg. Sessions, 
Killen and Foster*® demonstrated that low 
molecular dextran reduced the renal and 
central nervous system toxic effects from 
the injection of urokon. Bernstein ef ai.‘ 
showed that low molecular weight dextran 
caused a significant rise in red blood cell 
negativity and thus theoretically in mutual 
repulsion. Thorsen and Hint? indicate that 
low molecular weight dextran also seems to 
influence the protein envelope of aggre- 
gated blood cells. Gelin, Sólvell and Zeder- 
feldt have shown that both low molecular 
weight and commercial American weight 
(mw 75,000) are plasma volume expanders. 
On the other hand, Garber and Read!! were 
unable to show any protective effect of low 
molecular weight dextran upon the pul. 
monary circulation following injection of 
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contrast media that was distinct from any 
other volume expander. Wiedman has 
offered supporting evidence from direct 
microscopic observation of changes in the 
microcirculation. Neither prior injection 
of low molecular weight dextran nor its 
subsequent infusion reversed red blood cell 
aggregation or prevented vascular narrow- 
ing. Increased flow seemed related only to 
increased volume. 

The present study has failed to demon- 
strate any significant protective effect 
against morphologic damage to the kidney 
with either 40,000 or 75,000 molecular 
weight dextran when stasis was present. 

In the absence of stasis, 2 of 3 unpro- 
tected animals developed renal infarction. 
The other dogs who received pre-treatment 
with saline or commercial American weight 
dextran had undamaged kidneys on gross 
and microscopic examination. In this 
group of animals, pre-treatment seemed to 
offer protecticn against morphologic dam- 
age. 

The present study indicates that for a 
given volume and concentration of radio- 
graphic contrast media, histologic change 1s 
correlated with stasis and conversely the 
absence of stasis is associated with the ir- 
regular occurrence of morphologic change. 
We suggest, however, that premedication 
with a volume expander be seriously con- 
sidered in all patients undergoing arterio- 
graphic examinations. Because of the work 
of investigators cited previously, low molec- 
ular dextran might be the agent of choice. 


SUMMARY 


Morphologic changes in dog kidneys fol- 
lowing the intra-aortic injection of hypaque 
are presented. The significance of various 
pathogenetic mechanisms and possible pro- 
tective measures are discussed. 


L. R. James, M.D. 
Department of Radiology 
University of Nebraska 
College of Medicine 
Omaha, Nebraska 


We are indebted to Dr. R. B. Wilson for his 
interpretation of the pathologic specimens. 
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OSTEOSCLEROSIS OCCURRING IN RENAL DISEASE* 





By AI 


\THONY F. LALLI, M.D,t and JACK LAPIDES, M.D.] 


ANN ARDOR, MICHIGAN 


STEOMALACIA and secondary hyper- 

parathyroidism are the common and 
expected complications of chronic renal 
diseases. Osteosclerotic changes are less 
common but have been reported recently 
as occurring in 20 per cent of patients who 
had skeletal changes resulting from chronic 
uremia.!® Osteosclerosis is infrequently en- 
countered in hyperparathyroidism, al- 
though the possible association. of the 
sclerosis. with the function of the para- 
thyroid gland is often suggested in the 
literature? 9" 

Our discussion of the osteosclerosis seen 
in renal disease centers about a case where- 
in this complication appeared following the 
institution of corrective measures for acido- 
sis and calcium loss and, in turn, disap- 
peared when the supplemental dietary cal- 
cium and vitamin D therapy was discon- 
tinued, 

REPORT OF A CASE 

This 35 year old Caucasian woman was first 
seen in January, 1960 with an established diag- 
nosis of bilateral chronic pyelonephritis. Phys- 
ical examination was negative and urinalysis 
revealed an alkaline urine containing cellular 
elements, a trace of albumin, many bacilli and a 
specific gravity of 1.010. Faint visualization 
with changes of chronic pyelonephritis was pres- 
ent in both kidneys on excretory urography, 
and calculi were noted in the right kidney. The 
serum Cr Te at n iss were e 
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cium 8 mg. per cent and phosphorus 2.6 mg. per 
cent; alkaline phosphatase was 26 King Arm- 
strong units. The 24 hour calcium excretion was 
350 mg. on a low calcium diet. Renal function 
tests disclosed a blood urea oe of 14 mg. 
per cent, serum creatinine of 1.5 mg. p cent 
and a creatinine clearance of > liters 24 
hours; the 15 minute Dcos die b iem 
test was 6 per cent. 

On the basis of these studies, the following 


conclusions were reached: The chronic pyelone- 
phritis led to impaired tubular function which 
resulted in renal tubular acidosis. The chronic 
acidosis caused an increased mobilization of 
calcium from the skeleton with resultant hy- 
percalciuria and renal calculi, This interpreta- 
tion was supported bv a demonstrated osteo- 
malacia in the roentgenograms and complaints 
of joint stiffness in the patient (Fig. 1) 

The therapy that was instituted to correct 
the calcium imbalance and the acidosis con- 
sisted of Shohl’s solution, Randall’s solution, 
calcium gluconate and vitamin D. Four months 
after starting the regimen, her joint stiffness dis- 
appeared. À right pyelolithotomy was carried 
out 9 months later when the patient re-entered 
the hospital with right urinary tract obstruc- 
tion, 

Eighteen months after her first visit, osteo- 
sclerosis involving the lumbar spine, pelvis and 
proximal femora was observed on the pyelo- 
gram (Fig. 2). A skeletal survey was not con- 
ducted. Accordingly, the supplemental vitamin 
D and calcium therapy was stopped, but the 
Shohl’s and Randall’s solutions were continued. 
The electrolytes at this time were sodium 140 
mEq./L., potassium 5.2 mEq./L., chlorides 104 
mEq./L., bicarbonate 18 mEq./L., calcium 9 
mg. per cent and phosphorus 4.1 mg. per cent. 
Serum creatinine was 1.54 mg. per cent. 

She continues to be observed and when last 
seen was alive and active. One and one.half 
years after the calcium and vitamin D were dis- 
continued, her skeleton appeared normal (Fig. 
3). Her final laboratory studies included a urine 
specific gravity of r.oto, hemoglobin 12 gm., 
serum creatinine 1.2 mg. per cent, blood urea 
nitrogen 17 mg. per cent, serum "calcium 9.6 
mg. per cent, serum phosphorus 3.6 mg. per 
cent, alkaline phosphatase 6.5 King Armstrong 
units and a 15 minute phenolsulfonphthalein 
excretion test of § per cent. 


DISCUSSION 
Rutishauser® and his supporters! have 
emphasized the importance of renal tubular 
acidosis 1n the production of osteosclerosis. 
The fluctuations of the renal insufficiency 


* From the University of Michigan Medical Center, Ann Arbor, Michigan. 
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Pic. 1, One hour excretory urogram demonstrating 
right renal calculi and osteomalacia. 


are believed to produce periods of new bone 
formation which can predominate and 
produce osteosclerosis. 
The characteristic occurrence of osteo- 
sclerosis in the lumbar spine, pelvis and 
skull led Crawford e£ a/.? to believe that the 
ironic anemia of renal failure was respon- 
sible as these € bones were those of most ac- 
tive hematopoiesis, 
atte? described the subchondral conden- 

sation of spongiosa in the vertebrae at the 
vertebral end plates in patients affected 
with osteitis fibrosa due to primary hy per- 
p. Beveridge and his associ- 














ates! discussed e fact that this curious 
layering of vertebral sclerosis is found only 


in the Seer of renal failure or 
hvperparathvroidism. They published a 
case of primary hyperparathyroidism asso- 
ciated with renal failure and osteosclerosis. 

Cronqvist? noted the regression of rachi- 
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ing osteosclerosis after 18 months of therapy. 
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i. Supine roentgenogram of abdomen 18 months 
after cessation of recalcification therapy demon- 
strating normal skeletal density. 
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Shapiro’ studied a patient with typical 


osteitis fibrosa whose skeleton became 
densely sclerotic after extirpation of a 


parathyroid adenoma. He attributed this 
metamorphosis to an exaggerated healing 
response. 

Stanbury has warned against the usage 
of vitamin D therapy in individuals with 
osteitis fibrosa and has advised against aim- 
ing at a restoration of normal skeletal ap- 
pearance on the roentgenogram; he stated 
that symptomatic relief was a reasonable 
goal. In his published illustrations osteo- 
sclerosis and soft tissue metastatic calcifi- 

cation in these patients were demon- 
strated. He considers patients with osteo- 
malacia less prone to complications re- 
quiring recalcification regimen. Stanbury 
also believes that osteomalacia of osteitis 
fibrosa may result from an acquired insen- 
sitivity to the action of vitamin D which 
inhibits absorption of calcium from the gut. 

Our patient is the first to be reported 
who demonstrated regression of the osteo- 
sclerosis when the supplemental calcium 
and vitamin D were stopped. It is our inter- 
pretation that the renal tubular acidosis 1s 
the inciting cause, producing through the 
calcium loss the commonly observed osteo- 
malacia. 

The osteomalacia in turn stimulates in- 
creased osteoblastic activitv as evidenced 
by the rise in alkaline phosphatase. When 
the acidosis is corrected and calcium is 
made available to the skeleton, recalcifica- 
tion occurs at an accelerated rate. If the 
physician continues to give large amounts 
of calcium along with vitamin D, the 
osteoblasts will persist in depositing cal- 
cium beyond that required for normal bone 
densitv and osteosclerosis will occur. It is 
postulated that perhaps the long-standing 
osteomalacia has stimulated the osteocy tes 
to produce an abnormal amount of osteo- 
blasts or abnormal hvperfunction of the 
osteoblasts so that their activitv was not 
normally inhibited by adequate repletion of 
the bone with minerals. The experience 
gained in this case would suggest that the 
physician must follow a patient on a re- 
calcification regimen closely in order to 
detect the first indication of osteosclerosis. 
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When it appears, it can be arrested or re- 
versed by deleting the excess oral calcium 
and vitamin D therapy. If one desires to 
recalcify the bone at a slower rate and 
avoid osteosclerosis, it is necessary to treat 
only the systemic acidosis with Shohl’s 
and Randall’s solutions. 


SUMMARY 


A discussion of the causes of osteo- 
sclerosis resulting from chronic renal dis- 
ease 1s presented with a case report. The 
patient described demonstrated osteomala- 
cia which changed to osteosclerosis when 
the renal tubular acidosis was corrected and 
a recalcification regimen was instituted. 
Cessation of the recalcification therapy re- 
sulted in a return to normal of the skeletal 
density. 


Anthony F. Lali, M.D. 

Department of Radiology 

The University of Michigan Medical Center 
Ann Arbor, Michigan 48104 


REFERENCES 


1, Beverincs, B., Vaucnaw, B. F., and WALTERS, 
M. N. I. Pimi kvpetamthoreidisni and 
secondary renal failure with osteosclerosis. 
J. Fac. Radiologists, 1959, 10, 197-200. 

. Crawrorn, T., Dent, C. E., Lucas, P., MARTIN, 
N. H., and Nassim, J. R. Osteosclerosis asso- 
ciated with chronic renal failure. Lancet, 1954, 
2, 981—983. 

. Cronovist, S. Renal osteonephropathy. 
radiol., 1961, $5, 17-31. 

4. GiNzLER, A. M., and Jarre, H. L. Osseous find- 
ings in chronic renal insufficiency in adults. 
Am. T. Path., 1941, 77, 293-301. 

5. Jarre, H. L. Hyperparathyroidism (Reckling- 
hausen's disease of bone). Arch. Path., 1933, 
I6, 63-112. 

6. RurIsHAUsER, E. Ostéodystrophie néphrogéne. 
Ann. anat. path. ., 1936, £3, 999-1010. 

7. SHAPIRO, R. Metabolic bone disease—basic re- 
view. Clin. Radial., 1962, 15, 238-251. 

8. Sranspury, S. W. Azotaemic renal osteodys- 
trophy. Brit. M. Bull., 1957, 13, 57—60. 

9. TEMPLETON, A. W., facowgTrE, J. R, and 
Ormonp, R. S. Localized osteosclerosis in 
hyperparathyroidism. Radiology, 1962, 78, 955- 
958. 

IO. Vatvassori, G. E., and Pierce, R. H. Osteo- 
sclerosis in chronic uremia, Radiology, 1964, 
82, 385- 394 

11. Wour, H L., and Denxo, J. V. Osteosclerosis in 
nose renal disease. p 7. M, Sc., 1958, 
A35, 33742. 


R2 


Acta 


C 


Vor. 93, Ne. 4 


HEMATOLOGIC RESPONSES TO HUMAN 
WHOLE BODY IRRADIATION* 


ANALYTIC APPROACHES TO BIOLOGIC DOSIMETRY 


By S. JAMES ADELSTEIN, M.D., Pu.D., and JAMES B. DEALY, Jr, M.D. 


BOSTON, MASSACHUSETTS 


HE depletion of formed circulating 
blood elements following exposure to 
ionizing radiation has been appreciated 
since the turn of the century.’ The signifi- 
cance of this phenomenon for human irradi- 
ation was emphasized by Minot and Spurl- 
ing? in 1924 who exposed 22 cancer patients 
to fractionated whole body doses of roent- 
gen rays. They observed a gradual diminu- 
tion of granulocytes during the first week, 
while an analysis of their reported counts 
shows an abrupt decline in lymphocytes 
during the first 24 hours, followed by a 
more gradual depression. The development 
of atomic weapons and nuclear power 
created the impetus for further detailed 
study of the hematologic effects of radia- 
tion in humans. 781018 Phe employment 
of whole body irradiation in the past several 
years for cancer therapy and in preparation 
for homotransplantation has provided con- 
siderable information with regard to the 
response in man, particularly in relation to 
carefully calculated doses.?5. 12.17 
In this study, hematologic data from 7 
patients exposed to whole body radiation in 
preparation for renal homotransplantation 
have been analyzed from three points of 
view: (1) as an internal comparison among 
those patients receiving the same calculated 
dose, and between these patients as a group 
and individual patients receiving different 
dose schedules; (2) as an external compari- 
son with the results reported from other 
centers; and (3) as an attempt to relate the 
degree of response observed to animal and 
human studies regarding bone marrow 
sensitivity. 


METHOD 


Patients were exposed to roentgen rays 
generated by a 250 kv. constant potential 
unit with Thoreus 3 filtration having a half 
value laver in Cu of 3 mm. Patients were 
coiled in a 120 cm. treatment oval with 
target to skin distances of 150 to 160 cm. to 
the flank.* Doses are recorded as nominal in 
air, uncorrected for backscatter at the mid- 
sagittal plane of the flank, where the aver- 
age dose rate was § to 5.5 r/min. Half the 
dose was administered with the patient ly- 
ing on one side, half with him lying on the 
other. The maximum to minimum inhomo- 
geneity of the absorbed dose in the mid- 
sagittal plane was determined to be of the 
order of 30 per cent. 

The analvsis of the hematologic data was 
retrospective. Routine white blood cell 
counts and smears were made bv the hospi- 
tal blood laboratory using standard meth- 
ods and counting chambers. Direct phase 
counting of platelets was emploved, and 
reticulocyte levels were assayed by cresyl 
blue staining. 

THE INDEX GROUP 

Three patients received an identical dose 
schedule: 250 r separated by 7 days from a 
second exposure of 200 r. These patients, 
singly and together, represent an index 
group with which the remaining patients 
and those of other centers have been com- 
pared. 

Figure 1 graphically shows the raw data 
from a single patient (J.R.) who success- 
fully accepted a renal homograft from a 
non-identical twin brother. He received a 


* Presented at the Twelfth Annual Meeting of the Association of University Radiologists, Chicago, Ilinois, May 14-16, 1964. 

From the Harvard Medical School Department of Radiology at the Peter Bent Brigham Hospital. 

These studies were supported in part by Grant A-3545 from the National Institutes of Arthritis and Metabolic Diseases, U.S.P.H,S., 
and by the John A. Hartford Foundation, Inc. and the Avalon Foundation, 
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DAYS AFTER INITIAL IRRADIATION 


Fic. 1. Hematologic responses of patient J.R. 


total of 450 r in 2 doses, as well as supple- 
mental splenic irradiation. White and 
lymph cell counts reached a minimum in 
the third week and began to recover by the 
fifth, with a marked overshoot. By the end 
of the second week platelets and reticulo- 
cytes had declined maximally. 

In Figure 2 the hematologic data from a 
second patient (R.D.) are presented. No 
initial lymphocyte count was recorded for 
this patient. Leukocytes and lymphocytes 
reached minimal levels on days 16 and 17 
respectively, reticulocytes on day g and 
platelets on day 17. 

Figure 3 shows similar data for another 
patient (R.R.) exposed to the same dosage 
schedule. For this patient, as well as the 
first (J.R.), the lymphocytes showed a 
prompt decline of about ṣo per cent in the 
first 24 hours with a more gradual fall 
thereafter. The white and reticulocyte cell 
counts reached a minimum on day 14, the 
platelets on day 18. In Figure 4 the same 
data for leukocytes and platelets are plotted 
on semilogarithmic coordinates. The fit to 
an exponential survival function 1s reason- 


ably close during the first 11 to 13 da 
with an estimated so per cent reduct 
time of 6 davs for white cells and of 8 d; 
for platelets. 

Composite leukocyte counts for th« 
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Fic. 2, Hematologic responses of patient R.D 
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DAYS AFTER INITIAL IRRADIATION 


Fic. 3. Hematologic responses of patient R.R. 


index cases are shown in Figure ¢. Al- 
though there is considerable variability in 
the day-to-day response of each patient, 
there are points of intersection at about day 
6 and again at days 14 to 16. The general 
trends are more clearly defined in Figure 6 

which shows the mean leukocyte and lym- 
phocyte counts for the same patients. The 
total white cell count has fallen about 40 
per cent in the first week and is followed by 
a plateau. Following a secondary decline, 
the over-all'decrease after the second week 
is 87 per cent. The lymphocytes show an 
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Fic. 4. Total leukocyte and platelet responses of 
patient R.R. plotted on E ea coordi- 
nates 
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Fic. 5. Composite total leukocyte responses of pa- 
tients R.R., R.D. and J.R., comprising the “index 
group." 


initial fall of approximately ṣo per cent in 
the first day with another so per cent fall 
on days 1 to 7. The over-all decline by day 
14 to 16 is about 95 per cent. The initial, 
prompt diminution of lymphocytes has 
been observed repeatedly and is due pre- 
sumablv to a direct effect on circulating 
cells. 

In Figure 7 the granulocyte and lympho- 
cyte counts for the first 2 weeks are pre- 
sented on semilogarithmic coordinates. 


Least square lines have been fitted and 
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Fic. 6. Mean total leukocyte and lymphocyte re- 
sponses of the "index group," linear coordinates, 
(Reprinted from the dun. of N. Y. Acad. of Sci., 
1964, 714, 168, with the permission of the New 
York Academy of Sciences.) 
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Fic. 7. Mean granulocyte and lymphocyte responses 
of the "index group," semilogarithmic coordi- 
nates. 


drawn (these were calculated with the aid 
of a 1620 IBM computer generously made 
available by Dr. Anthony Bartholomay, 
Director of the Biomathematics Labora- 
tory, Peter Bent Brigham Hospital). The 
computed half reduction time for granulo- 
cytes is 9.85 days, while the secondary de- 
cline in lymphocytes has a so per cent re- 
duction in 4.4 days. The data fit exponen- 
tial survival curves for the first 13 days 
only, the points falling off rapidly after 
that, possibly due to the influence of the 
second exposure. 

In Figure 8 the mean platelet and reticu- 
locyte cell counts are shown for the same 3 
patients. Again, there is the suggestion of a 
plateau at the end of both the first and 
second weeks, The over-all decline in plate- 
lets is about 80 per cent and of reticulocytes 
87 per cent. In Figure 9 the same data for 
weeks 1 and 2 are plotted on semilogarith- 
mic coordinates. The reticulocyte points 
scatter considerably about the calculated 
least square line. The accuracy and pre- 
cision in their determination are less than 
that for other elements, as they are scored 
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Fic. 8. Mean reticulocyte and platelet responses o 
the "index group,” linear coordinates. (Reprinte 
from the Ann. of N. Y. Acad. of Sci, 1964, 117; 
168, with the permission of the New York Acad. 
emy of Sciences.) 


in tenths of a per cent of a variable red cel 
population. The computed half reductio: 
time is 6 days. For the platelets the hal 
reduction time is 15.9 days. 

From the exponential curves, the rela 
tive disappearance rates of the 4 forme 
elements can be compared. In ascending 
order thev are: lymphocytes 4 days, reticu 
locytes 6 days, granulocytes 10 davs anc 
platelets 16 days. This is consistent with the 
prompt disappearance of lymphocytes anc 
reticulocytes and the delayed disappear. 
ance of platelets reported by others. 7 
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Fic. 9. Mean reticulocyte and platelet responses ol 
the "index group," semilogarithmic coordinates. 
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Tase I 


GRANULOCYTE AND LYMPHOCYTE RESPONSES 





Patient 
(dose) 


Day 





I. 3 Patients—index group 
(250 r-7 da.-200 r) 
2. M.C. 7N278 
(250 r-7 da.-150 r) 
3. AQ. 4P545 
(120 r-3 da.-120 r-4 da.- 
IOO r) 
4. C.W. 9G318 
(150 r-2 da.-100 r) 


16 


19 


REMAINING CASES 


Table x is a summary of the granulocyte 
and lymphocyte responses for 3 patients as 
compared with the index group presented 
on the top line. The cases are ranked in 
order of decreasing total dose. The time of 
maximum depression, the degree of maxi- 
mum depression and the initial half reduc- 
tion time are given. A similar summary of 
platelet and reticulocyte responses is pre- 
sented in Table 11. An absent entry for the 
half reduction time indicates that insuffi- 
cient data were collected during the first 
week to compute this figure accurately. 






Maximum Depression 


Per Cent 







Lymphocytes 




















Half Maxi D ; Half 
Reduction axımum 1^epressiog | Reduction 
Days Per Cent Days 
4-4 
6.8 
6.5 


In general, the maximum depression of 
the formed elements has some dose depend- 
ence in this range, but there 1s consider- 
able variation, particularly shown by Case 
2 (M.C.), whose granulocyte and reticulo- 
cyte response was greater than that of the 
index group. If the per cent maximum de- 
pression for each element is given equal 
weight, the 3 patients can be scored relative 
to the index group adjusted to roo. The 
calculated scores are: (1) index group 10o, 
(2) M.C. 104, (3) A.Q. 97, (4) C.W. go. The 
average maximum per cent depressions of 
the 4 formed elements are: (1) index group 


TABLE II 
PLATELET AND RETICULOCYTE RESPONSES 


Platelets 


Patient 
(dose) 


Mam AFP 


1. 3 Patients—index group 


(250 r-7 da.-200 r) 87 
2. M.C. 7N278 

(250 r-7 da.-150 r) 80 
3. A.Q. 4P545 

I20 r-3 da.-120 r-4 da.- 

IOO r) 92 

4. C.W. 9G318 

(150 r-2 da.-100 r) 75 








Maximum Depression 


Per Cent 







Reticulocytes 





Half 
Reduction 






Maximum Depression. 





Per Cent 





Days Days 
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- per cent, (2) M.C. 94 per cent, (3) A.Q. 

3 per cent, (4) G.W. 81 per cent—a differ- 
ence of about 10 per cent over the dose 
range 250 to 450 Yr. 

The half reduction times also show con- 
siderable variabilitv, as they did among the 
3 patients constituting the index group. The 
values given are for the 72/74] disappear- 
ance rates computed from the hematologic 
data of the first 10 to 12 davs. In general, 
for the individual patients, as for the iridex 
group, the points tall off rapidly from the 
exponential line after that time. This sug- 
gests that the initial disappearance rate is a 
reflection of the first radiation insult. The 
half reduction time for Patient 2 (M.C.) 
should, therefore, f fall within the range of 
the index group since all patients received 
the same first dose. In ae the initial dis- 
appearance rates of granulocytes and 
lymphocytes are greater for this patient 
than the mean value for the index group, 
but are well within the estimated range. 
Patient 3 (A.Q.) received a lower first dose 
than did the index group, followed 3 days 
later by an identical, second dose. The dis- 
appearance rates have been calculated in 
this instance for all 4 formed elements and, 
with the exception of granulocytes, are less 
than the index group values. The mean in- 
crease in half-reduction time for this pa- 
tient, as compared with the index group, 
was I21 per cent, with a range of 99 per 
cent (granulocy tes) to I49 per cent 
(lymphocytes) for the 4 blood elements. 


COMPARISON WITH OTHER RESULTS 

In order to integrate the hematologic re- 
sponses of these patients with general 
medical experience, the granulocyte data of 
the index group were compared with 
another study” in which the radiation con- 
ditions were similar and sufficient hemato- 
logic details are provided. When data from 
this latter investigation are plotted on 
semilogarithmic coordinates, there is a 
linear decrease in the granulocytes begin- 
ning the day following irradiation and per- 
sisting into the second week. For patients 
receiving an average of 150 r, the half re- 
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duction time was 18.8 davs, as compared 
with 9.85 days found for the index group of 
this studv, which received an initial dose of 
250 r (Fig. 10). This implies that about 100 
ris required to double the radiation induced 
granulocyte disappearance rate. Although 
the absolute significance of this value can- 
not be determined from the type of meas- 
urements employed, it is of interest that 
the mitotic index of human bone marrow 
shows a £o per cent depression at about 100 
rads on the fourth dav following exposure.? 
In addition, the reproductive integrity of 
mouse bone marrow cells has been esti- 
mated to have a 37 per cent survival of 115 
rads, and eunt mammalian cells are 
r eported to have a mean lethal dose 77 vitro 
in the range of 100 rads under aerobic con- 
ditions?—all of the same order of magni- 
tude. 

For historic interest, the data of Minot 
and Spurling's study"? of 1924 are replotted 
on semilogarithmic coordinates in Figure 
10. In addition, granulocyte data from a 
single patient exposed to a cobalt 60 source? 
are also included. The contormity of the 
disappearance curves to an exponential 
function under these divergent exposure 
conditions suggests that initial disappear- 
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ance rates can be generally applied to the 
evaluation of hematologic responses follow- 
ing whole body irradiation. The construc- 
tion of an appropriate dose-response curve 
from such disappearance rates might pro- 
vide useful information in two areas. First, 
it would permit an early estimate of the 
equivalent biologic dose received by indi- 
viduals accidentally exposed to radiation of 
the same quality. Second, a series of such 
curves could be employed to compare the 
relative biologic effectiveness of exposure to 
radiations of differing quality. Of course, 
such curves would be useful only in the 
moderate dose range, below that resulting 
in near complete inactivation of the sensi- 
tive marrow elements. At higher doses the 
disappearance rates would become asymp- 
totic with the natural granulocyte survival. 

The initial exponential decrease in granu- 
locytes beginning on the first day following 
irradiation was not anticipated, since large 
doses of radiation in the dog and monkey 
lead to an exponential decline in granulo- 
cytes only after a latent period of 3 days. 
The prompt response in man suggests that 
the release of cells from the marrow, as well 
as marrow cell division, is affected by the 
radiation. 

However, the response in patients re- 
ceiving fractionated doses is somewhat 
paradoxical. Following the first dose, there 
is a prompt decline in the peripheral 
counts, but, following the second dose 1 
week later, there is no deviation from the 
initial disappearance rate for nearly another 
7 days. The reasons for the prompt response 
in the first instance and the delayed re- 
sponse in the second are unclear and will 
require further elaboration by comparing 
single and fractionated dose exposures. In 
some of the transplantation patients stud- 
ied in this report, a deteriorating renal 
function during the third week may have 
influenced the hematologic responses oc- 
curring in that interval. 


CONCLUSIONS 


Hematologic data have been presented 
for 6 patients who received total body ir- 
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radiation in preparation for kidney trans- 
plantation. 

Three patients (titled the “index group") 
received an identical dose schedule of 250 r, 
a 7 day interval, and then 200 r. Their 
average responses have been compared 
with those observed in other patients ex- 
posed to lower doses; the degree of maximal 
response exhibited some correlation with 
total dose over the relatively narrow range 
of 250 to 450 r. 

For the index group, the exponential 
disappearance of lymphocytes, reticulo- 
cytes, granulocytes and platelets progressed 
in that order, with half reduction times in 
days of 4, 6, 1c and 16, respectively. 

The exponential disappearance rate of 
granulocytes in the index group has been 
compared with another study” and certain 
similar features have been discussed in 
terms of marrow inhibition. 

The early estimate of radiation damage 
permitted by the use of disappearance 
rates is an attractive feature and could be 
employed as an aid in planning optimum 
treatment for accidentally exposed persons. 
Moreover, the early peripheral counts are 
less likely to be influenced by the infection 
and hemorrhage that may develop with 
progressive hematologic failure. 


S. James Adelstein, M.D. 
721 Huntington Avenue 
Boston, Massachusetts 02115 
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LOCAL OBSTRUCTION OF THE INFERIOR VENA 
CAVA BY MASSIVE ASCITES* 


By KLAUS RANNIGER, M.D., and DONALD M. SWITZ, M.D. 
CHICAGO, ILLINOIS 


T^HE presence of a pressure gradient 
between the thoracic and abdominal 
portion of the inferior vena cava in cirrhotic 
patients with and without ascites and in 
patients with ascites of other origin has 
been described repeatedly.9-?31*75 In most 
patients the pressure gradient occurred at 
the level of the diaphragm. In some of these 
patients inferior vena cavograms were per- 
formed which demonstrated localized nar- 
rowing of the inferior vena cava where it 
passes through the diaphragm. This nar- 
rowing was explained by either extrinsic 
compression from cirrhotic liver nodules," 
by deviation of the inferior vena cava from 
retraction of the liver, or by turbulent 
blood flow at the level of the transition 
from increased abdominal pressure to nor- 
mal thoracic pressure, causing narrowing 
of the vessel at this point.? During a rou- 
tine examination of one patient with as- 
cites, we recently found marked narrowing 
of the inferior vena cava at the level of the 
diaphragm and a pressure gradient at the 
same level, which prompted us to do this 
investigation. 


METHODS . 


Five patients with massive ascites of 
noncirrhotic origin were examined. Inferior 
vena cavograms were made in supine 
position via a catheter introduced under 
local anesthesia from the femoral vein ac- 
cording to the Seldinger technique, before 
and after removal of the majority of the 
ascitic fluid. The pressure was recorded con- 
tinuously during withdrawal of the catheter 
from the right atrium into the inferior vena 


cava. Pressures also were measured after . 


selective catheterization of at least one 
hepatic vein in free and wedged position. 


In x patient, the pressure in one renal vein 
was also determined. 

In 7 large dogs, an identical procedure 
was performed under nembutal anesthesia, 
before and after injection of 2,000 to 3,000 
cc. of physiologic saline solution into the 


peritoneal cavity and after removal of this 
fluid. In addition to the investigations in 


the patients, these dogs were examined not 
only in'supine but also in erect position 
and venograms, as well as pressure meas- 
urements, were taken. 

In 2 dogs; the circulating blood was re- 
placed by saline solution. Immediately af- 
ter cessation of the heart action, contrast 
material was injected into the inferior vena 
cava and roentgenograms were taken be- 
fore and after injection of 2,500 cc. of saline 
solution into the peritoneal cavity. 


RESULTS 


In all 5 patients, a normal pressure was 
found in the right atrium of 2 to 5 mm. Hg, 
and, at withdrawal of the catheter into the 
inferior vena cava, a pressure gradient was 
recorded with an abrupt increase of the 
pressure to 15 to 20 mm. Hg at the level of 
the diaphragm. The pressure in the entire 
inferior vena cava was elevated with 
slightly higher measurements in the distal 
portion of this vessel. The free hepatic vein 
pressures equaled the figures for the inferior 
vena cava, while the wedged hepatic vein 
pressures measured 1 to 3 mm. Hg higher. 
After removal of most of the ascitic fluid, 
amounting to between 4,500 and 7,800 cc., 
the caval pressure fell to values 3 to4 mm. 
Hg above the right atrial pressure with the 
free hepatic vein pressure at the same level 
and with wedged hepatic vein pressure also 
decreased, but 2 to 4 mm. Hg higher than 


* Presented at the Twelfth Annual Meeting of the Association of University Radiologists, Chicago, Illinois, May 14-16, 1964. 
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the tree hepatic vein pressure measure- 
ments. 

Angiographically, a localized narrowing 
was seen of the inferior vena cava at the 
level of the diaphragm. The more distal 
portion of the inferior vena cava had a 
normal diameter and there was no evidence 
for generalized narrowing of this vessel. 
Atter paracentesis, the localized narrowing 
almost completely disappeared and the ap- 
pearance of the caval vein was normal 
(Fig. 1, ,7 and B). Selective contrast ma- 
terial injections into the hepatic vein 
demonstrated that veins entered the infe- 
rior vena cava Just below the point of con- 
striction. 

These findings could be reduplicated in 
the dogs 1n supine position. A marked local- 
ized narrowing was noted of the inferior 
vena cava at the level where it penetrated 
the diaphragm with a pressure gradient be- 
tween the supra- and infradiaphragmatic 
portion of the inferior vena cava, measuring 
15 to25 mm. Hg after the production of the 
artificial ascites. Before the injection of the 
fluid and after removal, the figures were 
normal (Fig. 2, /7, B and C). Hepatic pres- 
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sure measurements were not taken. In the 
upright position, the ascites-induced pres- 
sure gradient disappeared and the con- 
stricted caval segment widened (lig. 5, Æ 
and B). The roentgenograms demonstrated 
that a marked elevation of the diaphragm 
was present in the supine position, which 
decreased when the animal was placed in 
the erect position. In the 2 dead animals, a 
localized obstruction of the caval vein at 
the level of the diaphragm could be seen 
after introduction of fluid into the peri- 
toneal cavity (Fig. 4, Z and B). 


DISCUSSION 


The findings indicate that the narrowing 
of the inferior vena cava between the 
thoracic and abdominal portion of the in- 
ferior vena cava in ascites without liver 
cirrhosis is not caused by turbulent blood 
How at the transition of two pressure sys- 
tems because the narrowing could be repro- 
duced in dead ascitic animals without flow 
in the caval vein. The roentgenograms in 
human beings and animals, however, raised 
the question whether the elevation of the 
diaphragms was related to the narrowing 





Fic. 1. Inferior vena cavogram in patient with tuberculous peritonitis (4) before, and 
(B) after removal of 5,200 cc. of ascitic fluid. 
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Fic. 2, Inferior vena cavogram in dog in supine position efore, (B) after injection of 2,500 cc. of saline 
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solution into the peritoneal cavity, and (C) after removal of this fluid. 
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Fic. 4- Contrast material injection into menor vena cava in dog 
solution into the 
contrast material and x obscures the Inferior vena 
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of the vena cava and the pressure gradient. 
It the diaphragms were lowered by re- 
moval of the ascites or by placing the ani- 
malin the upright position, the caval nar- 
rowing and the pressure gradient disap- 
peared. It is known that extreme contrac- 
tions of the diaph ragm, as, for instance, in 
the Valsalva maneuver, can produce 
changes in the diameter of ee caval vein at 
the level of the diaphragm." We, therefore, 
considered the possibility that the marked 
forced elevation of the diaphragm may 
have caused a similar narrowing of the vena 

cava. Mechanically, is easily under- 














this 1s \ 

a able. The right and left posterior crura 
which form the posterior and lateral margin 
of the foramen venae cavae are attached to 
the lumbosacral spine and are, mere Ior 
firmly fixed in position. Pronounced eleva- 
tion of the diaphragm places tension on ra 
posterior crura, narrowing the orifice be- 
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shortly after the animal expired, 7) before 
ey cavity. The liver parenchyma is 
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tween them. We proved this by mechanical 
elevation of the diaphragm in 2 human 
cadavers which led to a marked narrowing 
of the foramen venae cavae. 

The elevation of the free hepatic venous 








pressure is secondary to the elevated caval 
pressure, The minimal elevation of the 





wedged hepatie vein in relation to the free 





hepatic vein pressure is within normal 
limits. It indicates (s the portal pressure 
is elevated by noneirrhotic ascites but that 
no gr ae s present between the portal 
and caval svstem. 

CONCLUSIO! 





Massive ascites of noncirrhotic origin 
produces a localized narrowing of the infe- 
rior vena cava at the level of the diaphragm 
with a pressure gradient between the 
thoracic and abdominal portion of this 
vessel. Animal experiments support our im- 
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pression that this narrowing is a mechani- 
cal one produced by narrowing of the fora- 
men venae cavae secondary to the marked 
elevation of the diaphragm. The caval nar- 
rowing, as well as the pressure gradient, 
disappears in dogs in the erect position. 
Further studies are planned to prove 
whether this is also true for human beings. 

The elevated hepatic wedge pressure in- 
dicates elevation of the pressure in the por- 
tal system; however, the portal pressure is 
not significantly higher than the caval pres- 
sure and one cannot assume that the in- 
creased portal pressure produces a vicious 
circle, further increasing the amount of 
ascites. 


Klaus Ranniger, M.D. 
Department of Radiology 
University of Chicago 
950 E. sgth Street 
Chicago 37, Illinois 
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A PELVIC PHLEBOGRAM* 
A CASE REPORT AND REVIEW OF THE LITERATURE 


By SEUK KY KIM, M.D,f and WILLIAM R. JONES, M.D.t 
DURHAM, NORTH CAROLINA 





NORMAL phlebogram of the pu- 

dendo-vesico-presacral venous net- 
work was made accidentally during a retro- 
grade pyelographic examination. We had 
not encountered a previous similar case, 
and a review of the literature disclosed no 
phlebographic demonstration of the entire 
pudendo-vesical plexus. The anatomy texts 
consulted failed to illustrate the details of 
the plexus of the prostate, urinary bladder, 
and presacral region. The present case 
offered a rare opportunity to study the com- 
prehensive roentgen anatomy of this plexus, 
and it is, therefore, presented as a brief re- 
port. 


REPORT OF A CASE 


F.W., a 41 year old male, was admitted for 
the first time to the Durham VÀ Hospital in 
July, 1964 with the chief complaint of left flank 
pain for the past year. He had a history of re- 
moval of a left ureteral stone one vear prior to 
admission. In December, 1963, an excretory 
urogram showed a left renal stone with asso- 
ciated mild left hydroureter, and cystoscopy re- 
vealed a stricture of the distal left ureter. In the 
process of attempting to dilate the ureter, the 
bladder wall was perforated and a cystostomy 
was then performed. The bladder healed with- 
out complication. However, a bladder neck 
stricture was noted in February, 1964, and 
transurethral resection of the neck was done. 

The major findings at this admission were 
left flank tenderness and many white blood cells 
in the urine. An excretory urogram showed a 
left calyceal stone and mild hydronephrosis, as 
well as nonvisualization of the distal left ureter. 
There was also stiffness of the left side of the 
bladder due to a scar from the previous injury. 
Retrograde pyelography was attempted under 
general anesthesia. It was difficult to identify 
the left ureteral orifice due to the scar. How- 
ever, the orifice was seen, and a ureteral cath- 


eter was inserted without evidence of re. 
sistance or bleeding. Because of hydronephro- 
sis, 20 cc. of retrographin was introduced into 
the catheter and a roentgenogram was made 
immediately, resulting in the phlebogram of 
Figure r. Intramural injection into the blad- 
der wall was evident. No complication from the 
phlebography was noted. Three days after the 
phlebogram, a cystogram was made. The blad- 
der shadow was identical to that of the previous 
pyelogram, and reflux of the opaque medium 
into the left ureter was noted. The patient was 
then discharged. 

Roentgen Findings (Fig. z). The ureteral 
catheter Jay in the region of the left bladder 
wall where opaque medium residue was still 
present. The opaque medium had been absorbed 
and had drained into the pudendo-vesical plexus 
bilaterally, Also, the sacral plexus was opacified 
through communicating branches and back- 





Fic. 1, Accidental injection of retrographin into the 
urinary bladder wall resulted in a normal male 
phlebogram of the pudendo-vesico-sacral plexus. 
Dotted line shows the position of the ureteral 
catheter from the cystoscope. —Hypogastric vein. 
c» Presacral vein. Lateral vesical vein. The pre- 
sacral vein and lateral vesical veins form a heart- 
shaped circuit. The veins of the network are 
tortuous and irregular in caliber. 


* From the Department of Radiology, VA Hospital, and the Duke University Medical Center. 
T Acting Chief, Radiology Department, VA Hospital, and Associate in Radiology, Duke University Medical. Center, Durham, 


North Carolina. 
i Senior Urology Resident, Duke University Medical Center. 
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flow. Veins emerging from the sacral foramen 
were noted. Some of the opaque medium had 
already emptied into both of the hypogastric 
veins. The right common iliac vein and inferior 
vena cava were faintly seen. The right and left 
lateral main channels of the pudendo-vesical 
plexus and a large transverse presacral vein 
formed a heart-shaped circuit. The apex of this 
circuit was located at the base of the prostate, 
where the deep dorsal vein of the penis drains. 
From this venous circuit, numerous branches 
were distributed to the prostate, bladder, pre- 
sacral tissue, and sacrum, forming a large unit 
of venous network. The veins of the network 
were tortuous and irregular in caliber. 


DISCUSSION 

This accidental roentgenogram (Fig. 1) 
demonstrated accuratelv the normal ve- 
nous drainage of the prostate, urinary blad- 
der, and presacral region. Santorini de- 
scribed the anterior venous network over 
the prostate and bladder neck region in 
1724, and it is known as the plexus of San- 
torini. Batson? and Beneventi and Noback’ 
studied the pudendo-vesical plexus, inject- 
ing colored water or vinvlite solution into 
the veins of cadavers. Injection into the 
deep dorsal vein of the penis outlined three 
pudendo-v esical plexuses, the anterior San- 
torini plexus and each lateral plexus. These 
drain into the hypogastric vein. This net- 
work also communicates with the sacral 
veins. Batson described prostatic cancer 
metastasis through these venous channels. 
The roentgenogram in the present case 
confirms the results of their study. Many 
attempts have been made to demonstrate 
the pelvic venous drainage in the past. 
Pelvic phlebography by means of an opaque 
medium injection into the deep dorsal vein 
of the penis and of the clitoris was at- 
tempted in early 1950. It was possible to 
demonstrate the lateral vesical vein. How- 
ever, this site of injection is not favorable 
for clinical use, and it has rarely been prac- 
ticed. So far, intra-osseous pelvic phlebog- 
raphy has been the only method in clinical 
use. Judging from a review of the liter- 
ature on pelvic phlebography and of the 
normal venous drainage of the male pelvis 
(Fig. 2), an intra-osseous pelvic phlebo- 
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Fio. 2. This diagram of the normal male pelvic 
venous anatomy is based on various pelvic phlebo- 
grams appearing in the literature and the present 
case. 


C. F. circumflex branch of femoral vein 
C. L V. --common iliac vein 

D.F. — deep femoral vein 

E. I. V.—external iliac vein 

F. V.  -—femoral vein 

G.].  --inferior gluteal vein 

G.S.  —superior gluteal vein 

H.L -inferior hemorrhoidal vein 

H. M. —middle hemorrhoidal vein 

H. V. -hypogastric vein 


] L. -tho-lumbar vein 

I. P,  —internal pudendal vein 
—inferior vena cavi 

I V. C. fe iva 


L.L.  —Jlateral lumbar vein 

O. B. --obturator vein 

P, A. anterior pudendo-vesical plexus (San- 
torini’s plexus) 

P. L. P.—lateral pudendo-vesical plexus 

S.P.  —presacral vein 

S. V.  —greater saphenous vein 

V. —vesical vein 


gram would only demonstrate the veins of 
the lateral pelvic wall in normal subjects. 
Table 1 is a list of some of the phlebo- 
graphic studies from the literature and the 
results obtained. It is interesting to note 
that most of the phlebograms showed back- 
flow into the sacral vein. This may explain 
frequent bony metastasis of pelvic tumors. 
The various phlebograms demonstrated the 
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TABLE I 


Sites of Injection 


Femoral trochanter 10,15,18 
Os pubis 2,10,14,18 
Os ischii 10 
Sacrum 10 
Iliac crest 2,10,17 
Deep dorsal vein of penis 1,6,9,10,11 
Deep dorsal vein of clitoris or ub 
corpus cavernosum clitoridis 10 
Paracervical region of uterus 15 
Hemorrhoid 10 
Ischial region, soft tissue 15 
Femoral vein with compression of 3,4,8,12,18 


inferior vena cava 


veins of the lateral pelvis but not of the en- 
tire pudendo-vesical plexus. At present, 
there is no proper method of performing a 
phlebography to visualize the pelvic vis- 
ceral veins adequately. 


CONCLUSION 


The roentgenographic aspects of the 
normal pelvic venous drainage in the male 
are described on the basis of a phlebogram 
of a case demonstrating the entire pudendo- 
vesical plexus, and various other reports of 
pelvic phlebographic studies from the 
literature are reviewed. 


Seuk Ky Kim, M.D. 
Department of Radiology 

Duke University Medical Center 
Durham, North Carolina 
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HIGH KILOVOLTAGE PELVIMETRY* 


By ARCH W. 


TEMPLETON, 


M.D.1 


8T. LOUIS, MISSOURI 


HE lack of a uniformly accepted tech- 

nique for performing pelvimetrv is 
indicated by the many different methods 
described in the literature and used today.’ 
Triangulation,’ parallax,? differential di- 
vergent distortion, stereoscopy,’? and 
isometry® are utilized by various authors. 
With one exception, the radiation expo- 
sure to the fetus or maternal gonads has not 
been recorded in any of these communica- 
tions. 

A technique for pelvimetry should be 
simple, accurate, and quickly performed. 
The radiation hazard to the mother and 
fetus must represent the least possible dose. 
The elimination of correction rulers and 
magnification tables would expedite inter- 
pretation of the roentgenograms.? In this 
paper a high kilovoltage pelvimetry tech- 
nique w hichnncetoall ofthe above require- 
ments 1s described. The radiation dose to 
the maternal pelvis using the high kilo- 
voltage technique 1s measured and com- 
pared with conventional kilovoltage tech- 
nique. 


METHOD AND MATERIALS 


One hundred and fifty kilovoltage radia- 
tion from a three phase generator was 
utilized at a target-film distance of 10 feet. 
High speed film was used in a high speed 
grid-cassette. The 8:1 grid was non-focused 
and had 100 lines per inch. The 1 mm. focal 
spot was used. Anteroposterior and lateral 
roentgenograms were taken with the pa- 
tient standing against the cassette. There 
was no air gap between the patient and 
the cassette. The roentgen-rav tube was 
centered on the anterosuperior iliac spines 
for both views and was angled 20 degrees 
towards the feet for the anteroposterior 
roentgenograms. 


Differentia! divergent distortion? has 
been used at the Mallinckrodt Institute of 
Radiology for pelvimetry for many years. 
This method served as the conventional 
kilovoltage comparison of all measure- 
ments. 

Initial measurements and comparison of 
the radiation exposure to the fetus and 
maternal pelvis were made using a pelvic 
phantom.* This phantom (Fig. 1,7) was 
made of tissue equivalent material and 
contained the bony pelvis and upper fe- 
murs. Similar determinations were then 
made in 3 patients. All dosimeter measure- 
ments of the pelvic phantom or patients 
were made using a roentgenographic tech- 
nique that produced diagnostic roentgeno- 
grams (Fig. 1, B and C). 

Radiation exposure was measured with 
a dosimeter having a o to 200 mr range. 
The chamber was placed in the vagina of 
the phantom or patient, and a diagnostic 
roentgenogram was made. The chamber 
was read and recharged after each exposure. 
In the phantom, 6 separate exposures and 
readings were made for each view, and 
the average of these 6 readings was re- 
corded in mr. 

RESULTS 

Table 1 shows the technical factors used 
for the different diagnostic exposures and 
the average mr recorded by the dosimeter. 
The average dose to the mid-pelvis of the 
phantom was 19 times greater with the 3 
film conventional kilovoltage technique 
than with the 2 film high kilovoltase tech- 
nique. The average dose recorded by the 
dosimeter placed in the vagina of patients 
is also given in Table 1. The conven- 
tional kilovoltage technique averaged 


* Picker Aldersen pelvic phantom, Model B, Serial No. 110. 


t From the Edward Mallinckrodt Institute of Radiology, Washington University Scheol of Medicine, St. Louis, Missouri, 
t Present Address: Department of Radiology, University of Missouri Medical Center, Columbia, Missouri. 
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Fic. 1. (4) Photograph of pelvic phantom. 
(B) Diagnostic roentgenogram of phan- 
(B) Diag genog | 
tom using conventional kilovoltage tech. 


nique. (C) Diagnostic roentgenogram of 


phantom using high kilovoltage tech. 
nique, 
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total of 1,020 mr to the mid-pelvis, while 
the high kilovoltage technique averaged a 
total of 60 mr to the mid-pelvis. Thus, the 
radiation hazard to the mid-pelvis was 17 
times less with the high kilovoltage tech- 
nique. 

To test the accuracy of the high kilo 
voltage technique, comparison measure- 
ments using the 2 methods of pelvimetry 
were made on older patients. These results 
are tabulated in Table r1. One skeletonized 
pelvis (Case 5) was roentgenographed, and 
the two techniques gave nearly identical 
results as compared with the true measure- 
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ments of this pelvis. No matter which tech- 
nique was used, the bony landmarks were 
difficult to identify on some roentgeno- 
grams. This was particularly true of the 
ischial spines and, on conventional kilo- 
voltage roentgenograms, of the pubic 
symphysis. In spite of these difficulties, the 
2 techniques gave very similar measure- 
ments. The greatest disparity, between 
measurements was 5 mm., and this oc- 
curred only twice. 

The distance from the ischial spines to 
the skin of the buttocks on lateral roent- 
genograms taken at Io feet was found to 


TABLE II 


COMPARATIVE ACCURACY OF CONVENTIONAL KILOVOLTAGE AND HIGH KILOVOLTAGE PELVIMETRY 
TECHNIQUES IN EVALUATING OBSTETRICAL MEASUREMENTS 


Anteroposterior Roentgenograms 







Lateral Roentgenograms 





Pelvic Inlet Mid-Pelvis Pelvic Inlet Mid-Pelvis 
Thsiue dee | Technique rre | Techn rebua Technique p 
(cm) | (em) | (em) | (em) | (em (cm.) (cm.) 
1 14.3 10.5 16:5 
2 1313 IO.I 10.3 
3 10.7 
4 1122 11.5 tii 12.9 13.0 
(10.1) (10.9) 
5 9.0 10.0 10.2 II.O IILI 
6 7.9 9.6 9-3 | get 9.2 
ej 8.8 10.6 10.6 11.8 
8 11.2 12.2 12,4. 1356 
9 10.9 II.5 II.4 11.6 
10 10.3 10.1 14.2 14.0 13.0 
II 10.0 9.9 13.4 13.0 i524 
12 I2.9 12.7 10.4 IO.I 10.5 10.4 12.4 12.2 


Note: Eleven older patients and 1 skeletonized pelvis (Case 5) were studied, In Case 5, numbers in parentheses represent true 


diameters. 
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varv normallv from 8 to 14 cm. Bv using 
equilateral triangles, the greatest magnifi- 
cation error of the interspinous diameter 
was approximately $ per cent, or in the 
average human pelvis, about g mm. How- 
ever, if all ischial s spines are at least 8 cm. 
n the cassette in the anteroposterior 
projection, a 3 per cent reduction of the 
measured diameter can arbitrarily be made. 
Theretore, the possible error in the final 
determination of a dud obstetrical diam- 
eter is plus or minus 1 per cent. This is 
well within acceptab le limits tor clinical 
use, The same magnitude of error (plus or 
minus 1 per cent) was present in the other 
pelvic measurements. 


DISCUSSION 


High kilovoltage pelvimetry is tech- 
nically simple. Special cassette holders or 
tube shifts are not rec juired. Also, the roent- 
genographic equipment does not have to be 
modified." If a three phase generator is not 
available, or if a Io foot target-film dis- 


tance cannot be obtained, a medium energy 


Pic. 2. Gf and B) Lateral and anteroposterior high kilovoltage pelvimetry roentgenograms demonstrate 


the different obstetrical di 
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radiation therapy unit in a moderate sized 
room frequently can be used.’ 

Radiation scatter and hazard are mini- 
mized and image detail is enhanced bv 
using the smallest possible field and a good 
collimator. An air gap, as frequently used 
in high kilovoltage chest roentgenography, 


was not used in order to minimize magnifi- 


cation, This required the use of a grid with 
a high degree of scatter clean-up. A 16:1 


non-focused grid will give shehly better 
detail (clean-up) than the 8:1 grid now 


used. Howev er, the radiation hazard to the 
patient will also be increased by the 16:1: 
grid. Image detail is increased by using the 
small focal spot. 

The radiation hazard to the mother and 
fetus has become a serious problem in re- 
cent years. Whitehouse e a." have em ph de 
sized the need for decreasing the radiation 
dose to the maternal pelvis so that only 
the minimum possible dose is received. The 
high kilovoltage technique reduces the 
radiation exposure to the maternal mid- 
pelvis and fetus significantly (Table 1). 
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Only 2 views should be used in any method 
and just the maternal pelvis and fetal head 
should be roentgenographed. All of the 
previously described methods of pelvim- 
etry, except the isometric method when 
used alone, require at least 3 roentgeno- 
grams. 

By using a high kilovoltage technique, 
only 2 films are required for a complete 
examination. At a target-film distance of 10 
feet, the roentgen rays are very nearly 
parallel, and the magnification error can be 
reduced to plus or minus I per cent. Magni- 
fication correction devices are not required 
and the different obstetrical measurements 
are made directly from the 2 roentgeno- 
grams. All pelvic diameters measured on 
roentgenograms using the conventional 
kilovoltage technique can also be deter- 
mined on the 2 high kilovoltage roentgeno- 
grams (Fig. 2, £ and B). By centering the 
tube on the anterosuperior iliac spines and 
angling the roentgen-ray beam 20 degrees 
towards the feet, the ischial spines are 
usually projected into the pelvis. The ana- 
tomic configuration of the entire pelvic 
inlet also is well demonstrated. The size and 
position of the fetal head are determined 


easily. The upright roentgenograms give. 


the most reliable evaluation of the fetal 
head and its relationship to the maternal 
pelvis. 
SUMMARY 
‘A high kilovoltage pelvimetry technique 


is described and compared with a conven- - 


tional kilovoltage technique. One hundred 
and fifty kilovoltage radiation at a target- 
film distance of to feet was utilized. High 


speed film was employed in a high speed, 


8:1, non-focused, grid cassette. The radia- 
tion dose to the mid-pelvis was measured in 


a phantom and in patients. The obstetrical 
diameters obtained by the 2 techniques: 


were compared. ‘The maximum. roentgeno- 


graphic magnification error occurring with : 
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the high kilovoltage technique was 5$ per 
cent, and this error is reduced to plus or 
minus I per cent by making a 3 per cent 
correction of the measured diameter. 

The high kilovoltage technique is the 
method of choice for pelvimetry. The radia- 
tion dose to the maternal pelvis and fetus 1s 
reduced 17 times. Magnification factors 
and correction devices are not required, 
and all obsetrical measurements are made 
directly on the 2 upright roentgenograms. 


University of Missouri Medical Center 
Columbia, Missouri 
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INTRAVENOUS PLACENTOGRAPHY* 
A CRITICAL ANALYSIS OF 85 CASES 


By CHARLES K. HENDRICK, M.D.,¢ and MELVYN H. SCHREIBER, M.D.1 
GALVESTON, TEXAS 


HE need for a safe and dependable 

means of placental localization in third 
trimester bleeding is generally acknowl- 
edged, and one or another of several kinds 
of radiologic examinations have generally 
been employed to obtain such information, 
The demonstration of increased thickness 
of the uterine wall may define the site of 
placental implantation, and displace- 
ment of the fetal head from the symphysis 
or sacral promontory is used as a sign of low 
implantation in gravitational placentog- 
raphy.^ Roentgenographic evidence of 
placental calcification has been a disap- 
pointing means of localization in our hands, 
despite the finding of such calcification in 
30 per cent of placentas after 36 weeks of 
gestation in one series." The introduction 
of either negative or positive contrast ma- 
terial into the urinary bladder has facili- 
tated localization of the placental implan- 
tation site; emphasis is placed upon the 
demonstration of a thick homogeneous 
density between the presenting part and 
the margin of the bladder.'? 

Isotope localization of the placenta was 
first reported in 19st using radioactive 
sodium.) Radioactive iodinated! and, 
more recently, chromium labelled’ human 
serum albumin have also been used. The 
maximum radiation dose to mother and 
fetus has been calculated to be in the range 
DI-50 10 Fo mi. em 

Opacification of the placenta itself was 
first described by dos Santos’ in 1929 in a 
series of translumbar aortograms of which 
one was performed on a woman in the sixth 
month of pregnancy. Others have utilized 
this technique,’ but it has not gained 
wide popularity. The retrograde femoral 
catheter approach to uterine arteriography 


and placentography has been explored? !° 
and produces excellent opacification of the 
placental sinusoids. 

bzes et al’ described an intravenous 
method of placentography in 1956, and 
Goodlin e a/.,? Coale e£ al. and Richey’! in 
this country Wave slaborated on this tech- 
nique. Since 1961, intravenous placentogra- 
phy has been the chief means of placental 
localization used at the University of Texas 
Medical Branch Hospitals, and this com- 
munication reports our results with this 
technique. 

PROCEDURE AND INTERPRETATION 

The technique of intravenous placentog- 
raphy consists of the rapid intravenous 
injection of a large bolus of iodinated con- 
trast material, the amount determined by 
the weight of the patient, followed by ab- 
dominal roentgenography. After exposure 
of an anteroposterior scout roentgenogram 
of the abdomen, the patient is tested for 
iodine sensitivity with a small intravenous 
injection of renovist, the contrast agent we 
have used almost exclusively. The arm-to- 
tongue circulation time is determined (us- 
ing decholin), following which the prelimi- 
nary roentgenogram is inspected and neces- 
sary adjustments in positioning and tech- 
nique are made. À syringe with a 100 cc. 
capacity 1s then loaded with contrast ma- 
terial (80 cc. for body weight less than 125 
pounds, 9o cc. for 125 to 150 pounds, and 
100 cc. for over 1 5o pounds) and connected 
to à IO or 12 gauge Robb-Steinberg cannula 
which has been placed in an antecubital 
vein by cut-down. The bolus of contrast 
material is injected rapidly by hand (re- 
quiring about 2 seconds), and a single 
supine anteroposterior roentgenogram of 


* From the Department of Radiology, The University of Texas Medical Branch, Galveston, Texas. 


f Resident Physician, Department of Radiology. 


t Associate Professor of Radiology, John and Mary R. Markle Foundation Scholar in Academic Medicine. 
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the abdomen 1s exposed 2 seconds after the 
circulation time, counting from the end of 
the injection of contrast material. Thus, if 
the circulation time was found to be 1o 
seconds, the film exposure would be made 
12 seconds from the end of the injection. 
The exposure time has been fixed at 1 
second, the other technical factors being 
varied as necessary to obtain a technically 
satisfactory roentgenogram. The roent- 
genogram so obtained is inspected im- 
mediately and compared with the prelimi- 
nary scout roentgenogram. If the placental 
sinusoids are opacified and the placenta 
thus located, the examination is termi- 
nated. If for any reason the roentgenogram 
does not show the location of the placenta 
(exposure too early or too late, for ex- 
ample), we have not hesitated to repeat the 
injection and roentgenography, provided, 
of course, that the condition of the patient 
permits it. 

Localization of the placenta bv this 
method depends upon opacification of the 
placental sinusoids. They appear as 
rounded poorly circumscribed opacities 1 to 

2 cm. in diameter having very much the ap- 
pearance of cotton balls. When the pa- 
tient's bowel 1s relatively empty and gas 
and fecal shadows do not interfere, the 
placental sinusoids are easv to beat. and 
the diagnosis of site of implantation may 
be reliably made. It is particularly easy to 
localize the placenta when it is seen tan- 
gentially, from the side, as when it is lo- 
cated in the fundus or on the right or left 
uterine wall, When it 1s located on the 
anterior or posterior wall, there is less 
superimposition of opacified sinusoids, and, 
while the location of the placenta is some- 
what more difficult in this circumstance, it 
may still be seen with relative ease. When 
the placenta is normally implanted, it will 
usually but not always be found opposite 
the fetal abdomen, and the fetal head (in a 
vertex presentation) will ordinarily be 
symmetricaly situated in the maternal 
pelvis (Fig. 1, Æ and B). 

In marginal (partial) placenta previa or 
low-lying placenta (without encroachment 
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upon the cervical os), the placental sinus- 
oids will be seen to be located in closer 
proximity to the presenting fetal part, and 
the fetal head (or buttocks in a breech pre- 
sentation) is apt to be deviated to the side 
opposite the placenta (F16. 2, Æ and B). In 
our experience it has been impossible to 
differentiate between marginal placenta 
previa and low-lying placenta by intra- 
venous placentography, and we have erred 
in both directions, both over- and under- 
diagnosing this abnormality when the pla- 
centa was implanted in a lower than nor- 
mal position. We ordinarily report "low- 
lying or marginal placenta” under such cir- 
cumstances, and, alerted to the possibility 
of placenta previa, the referring obstetri- 
cian may elect to perform a cautious pelvic 
examination. If the placenta is not pal- 
pated, the patient may be permitted to go 
into labor spontaneously and possibly to 
deliver from below, there being no other in- 
dication to the contrary. It should be re- 
membered, however, that a low-lying pla- 
centa may become a partial placenta previa 
as the cervical os dilates. 

Placenta previa centralis ordinarily poses 
no problem. In the typical case the pla- 
cental sinusoids are clearly seen inferior to 
the fetal presenting part and between the 
presenting part and the pubic symphysis 
(Fig. 3, 47 and B). A low-lying plac enta on 
the anterior or posterior uterine wall may 
simulate central placenta previa; however, 
the placental sinusoids in such a case will 
be seen to be mainly superimposed on the 
fetal head (assuming a vertex presentation) 
in the anteroposterior projection, and the 
fetal head will likely be located deeply and 
symmetrically in the maternal pelvis. With 
central placenta previa, the fetal head is 
apt to be located high and to one side, and 
the placental sinusoids will be seen between 
the fetal head and the maternal bladder 
and not superimposed upon the head. 

Before interpretation is attempted, the 
adequacy of the examination should be ap- 
praised. If the roentgenogram made follow- 
ing the contrast injection is exposed too 
soon, it will show contrast material in the 
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Intravenous Placentography 





Vic. 3. Central placenta previa. (A) Roentgenogram prior to injection of the contrast material shows the 
fetus in a transverse lie, the head in the left iliac fossa. (B) Roentgenogram made following a second injec- 
tion of contrast material (the roentgenogram following the first injection was unsatisfactory), The ureters 


and bladder 


are opacified from the first contrast injection. The placental sinusoids (arrows) were rendered 


opaque by the second injection. The placenta is located between the fetal head and the maternal bladder. 


abdominal aorta and pelvic arteries (the 
dilated and very tortuous placental arteries 
may be seen; they are a less reliable indi- 
cator of the location of the placenta than 
the placental sinusoids). If the roentgeno- 
gram is exposed too no contrast ma- 
terial will be seen in the arteries, veins or 
placental sinusoids. If properly exposed, 
the femoral arteries may be outlined faintly 
by a small residue of contrast material, and 
the placental sinusoids will be well seen. A 
dense bilateral nephrogram will regularly be 
seen 1f the roentgenogram 1s exposed at or 
near the circulation time. 

The examination is more pictorially ele- 
gant and the diagnosis easier to secure in 
thin subjects. Obesity is itself no contrain- 
dication, however, and we have success- 
fully performed intravenous placentogra- 
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phy on a 330 pound patient nearly at term 
with the dealan placental opacification 
being adequate for the purpose of accurate 
localization. 


MATERIAL AND INDICATIONS 


One hundred and seventeen patients 
were amined between January, 1961, 
and July, 1964, and 106 are reported here. 
Information on delivery was unavailable 
in 11 cases, and these were omitted. There 


were 6,792 deliveries during this period; 
intravenous placentography was performed 


on 1.7 per cent of these cases. 
The commonest indication was third tri- 
mester bleeding, usually painless, but pain 
s the complaint in 16 patients. Some 
asymptomatic patients who "had previously 


had cesarean sections were examined jin 


€—————————————————————— ÁO ——————Á——— ^ 


Fic. 2, Marginal implantation of the placenta. (4) Preliminary roentgenogram shows a single fetus presenting 
by the vertex. The fetal head is in the right iliac fossa and high above the symphysis. (5) Roentgenogram 
made following injection of the contrast material shows opacification of the placental sinusoids and localizes 
the placenta to the lateral wall and lower uterine segment on the left. 
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order to localize the placenta prior to re- 
peat cesarean section. Other indications in- 
cluded persistent transverse lie and sus- 
pected abdominal pregnancy. 

Of these 106 cases, 85 were considered 
satisfactory for interpretation, an unsatis- 
factory rate of 20 per cent. Manv of these 
unsatisfactory studies were obtained early 
in our experience with the technique, and 
only 4 of the last 40 cases proved unsatis- 
factory for interpretation (10 per cent). 
Reasons for unsatisfactory studies (not 
interpretable) included the following: 
roentgenogram exposed too early or too 
late; poor roentgenographic technique; mo- 
tion of the patient during the film exposure; 
and fetal death with placental nonfunc- 
tion. 


RESULTS 


The site of implantation of the placenta 

was correctly localized by intravenous 
placentography in 81 of the 85 cases for an 
over-all accuracy of 95 per cent. Seventy 
of 72 normally implanted placentas were 
correctly localized, an accuracy of 97 per 
cent. The diagnosis of placenta previa was 
established by vaginal examination or by 


inspection and palpation at the time of 


cesarean section. Placenta previa was 
confirmed in 13 of the 85 cases, 8 times by 
cesarean section and ¢ times by vaginal ex- 
amination, an incidence in this series of 
15.3 per cent. Eleven of 13 abnormally 


located placentas were correctly diagnosed 
as placenta previa or low implantation 
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of the placenta, an accuracy of 8$ per cent 
There were 2 false positives (incorrect diag 
nosis of placenta previa) and 2 false nega 
tives (failure to detect placenta previa) 
One ot the false negatives showed partia 
infarction. of the placenta on pathologi 
examination, perhaps explaining why it 
abnormal location was not detected angio 
graphically. 

Analysis of Table 1 will show other differ 
ences between the group of 13 patients with 
verified placenta previa and ee 2 patient: 
with normal placental implantation. I 
general, more injections and a large 
volume of contrast material were require 
to make a diagnosis of placenta previa. 


HAZARDS AND REACTIONS 


There were no serious reactions to the 
contrast material or the procedure, anc 
there were no differences in number or kinc 
of reactions between patients with anc 
without placenta previa or between pa. 
tients with one or two contrast injections. A 
feeling of warmth was regularly experiencec 
following the injection of the contras: 
agent, and this lasted 20 to 30 seconds ir 
most instances, It did not interfere witl 
the patient's abilitv to cooperate in. th« 
great majority of cases. An occasional pa. 
tient. complained. of nausea, and a few 
vomited. Other minor reactions includec 
headache and cough. None required treat. 
ment and all passed quickly. Each patient 
was premedicated with 25 to sco mg. o! 
phenegran routinelv; the part which thi: 
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COMPARISON OF PATIENTS WITH PLACENTA PREVIA AND NORMAL IMPLANTATION 
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Average No, of Injections 

Average Amount of Contrast Materia! 
Average Birth Weight of Fetus 
Average Maternal Hemoglobin 
Average Maternal Weight 

Average No. of Weeks Pregnant 
Average Age 

Average Gravidity 

Average Parity 


Placenta Previa Normal Implantation 


1.206 ic 
i206 O9 2:66: 

s Ib. to oz. 6 Ib. 7 oz. 

10.4 gm. % 11.3 gm. £5 
143.8 Ib. 153.6 lb. 

eee 33.6 

27.7 years 25.7 years 

$.8 pregnancies 4.3 pregnancies 

4.0 babies 3 


3.7 babies 


Vor. 93, No. 4 


may have played in the prevention of seri- 
ous reactions Is uncertain. 


There were 7 fetal deaths in this series of 
106 cases. In no case was the procedure of 


intravenous placentography incriminated 
or seriously considered as directly related to 
the fatal outcome. In most cases fetal death 
was thought to be due to an abnormal- 
ity, the symptoms of which prompted the 
performance of placentography (marginal 
sinus rupture, abruptio placentae, etc.). In 
1 case death was thought to be related to a 
prolapsed cord, and death in 2 cases tol- 
lowed abdominal pregnancy. 

The radiation dose was monitored 1n sev- 
eral cases by the placement of ionization 
chambers of the Laughlin or Baldwin- 
Farmer type in the rectum during the ex- 
posure of the two films ordinarily required. 
This dosage may be considered to approxi- 
mate the radiation dosage to the maternal 
gonads. The dose averaged 340 mr in § pa- 
tients in whom I injection of contrast ma- 
terial was made and 2 anteroposterior 
roentgenograms of the abdomen were ob- 
tained. The dose to the fetal gonads can be 
expected to be somewhat higher. 


CONCLUSIONS 


The choice of a method for placental 
localization should take into consideration 
several factors, including ready availability 
at all hours, ease of performance, hazard 
to mother and fetus, radiation dosage, and 


reliability of interpretation. Our choice of 


intravenous placentography is based upon 
the following considerations. 

The intravenous method produces an 
image of the opacified placental sinusoids 
which is less distinct and less dense than 
that obtained with retrograde femoral 
catheter aortography, but the hazards and 
complications of arterial puncture are 
avoided and the roentgenograms obtained 
are interpretable in 90 per cent of the 
cases. The intravenous method requires the 
injection of contrast material to localize the 
placenta while soft tissue and gravitational 
placentographies do not, but no lateral 
roentgenogram is required with the intra- 
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venous method, and placental structures 
themselves are opacified, allowing accurate 
direct. visual localization of the placenta 
rather than estimation of its position from 


displacement of other structures. Radiation 
dosage to mother and fetus are greater 


with the intravenous method than with iso- 
tope localization, but scanners are not yet 
standard equipment in most hospitals and 
offices, and the visual representation of the 
placenta on roentgenograms inspires more 
confidence than a comparison of uptakes in 
different parts of the uterus expressed as 
numbers. Of all the alternate methods of 
examination, isotope localization seems to 
us the most promising, and a study is now 
under way to directly compare the results 
ofintravenous and isotope placentography 
(using chromium labelled red blood cells). 


SUMMARY 


One hundred and six patients were ex- 
amined for placental localization by intra- 
venous placentography, and 85 satisfac- 
tory cases are analyzed. 

Over-all accuracy in placental localiza- 
tion was 95 per cent; the examination failed 
in the detection of 2 of 13 cases of placenta 
previa, and 2 of 72 patients with no placen- 
tal abnormality were thought to have ab- 
normal implantation sites. 

The examination proved to be a safe and 
effective means of localization of the pla- 
centa, acceptable to both patients and re- 
ferring physicians. 

T he technique of the procedure is out- 
lined and comparisons between patients 
with and without placenta previa are sum- 
marized. 

Melvyn H. Schreiber, M.D. 

Department of Radiology 

The University of Texas Medical Branch 
Galveston, Texas 
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RADIOISOTOPIC LOCALIZATION OF THE 
OVERACTIVE HUMAN PARATHYROID* 


By E. JAMES POTCHEN, M.D., S. JAMES ADELSTEIN, M.D., Ps.D., and 
JAMES B. DEALY, Jr., M.D., with the technical assistance of 
SPENCER BORDEN, IV, A.B. 

BOSTON, MASSACHUSETTS 


pro ica thereislittle question of the 
desirability of identifying and localiz- 
ing abnormal parathyroid glands before 
surgery, existing methods for accomplish- 
ing these ends either lack precision or do 
not have the potential to assess function di- 
rectly. The possibility of employing exter- 
nal radioisotope scanning for this purpose 
has hitherto not been exploited, although 
the method has been used to advantage in 
the evaluation of other endocrine and exo- 
crine gland pathology.) 

There are two basic requirements in the 
application of external scanning to the 
identification of parathyroid tissue. First, 
the isotope used must emit radiation of the 
proper energy to allow for adequate resolu- 
tion by an external detector. Second, the 
isotope should be sufficiently localized in 
parathyroid tissue so that the radioactivity 
in surrounding tissues does not interfere 
with the determination. 

Since the parathyroid glands synthesize 
and elaborate a polypeptide hormone,’ the 
use of a radioactive amino acid precursor 
label is a logical one. Unfortunately, the 
common carbon 14, sulfur 35 and hydrogen 
3 labeled amino acids are not suitable for 
external counting. On the other hand, the 
Se” labeled amino acid analogue of methio- 
nine, selenomethionine, in which there is an 
isomorphous substitution of selenium for 
the naturally occurring sulfur, can be used 
for this purpose. Selenium 75 emits gamma 
radiation of 0.27 mev. and has a half-life of 
127 days. In its tissue penetrability and 
collimation requirements, its radiation is 
sufficiently comparable to the 0.36 mev. 
gamma of iodine 131 so that the same 
equipment can be used for both isotopes. 


Tritiated methionine has been successfully 
employed to evaluate abnormalities in pro- 
tein synthesis by pancreatic tissue.’ 

This report is concerned with the use of 
selenomethionine as a parathyroid label and 
with its utilization for the clinical localiza- 
tion of abnormally-functioning parathyroid 
tissue. 


ANIMAL STUDIES 


The uptake of methionine by the rat 
parathyroid and surrounding tissue was 
investigated as a prelude to the human 
studies. Sprague-Dawley, white, female 
rats were kept on a low calcium diet for 2 
weeks to stimulate parathyroid activity. In 
addition, the animals received, on alternate 
days, 6 subcutaneous injections of thyrox- 
ine, 20 ug. each, to suppress thyroid protein 
anabolism. The day following the last injec- 
tion of thyroxine, tritiated methionine was 
administered intravenously into the inferior 
vena cava. The doses ranged from 250 to 
1,000 uc. Animals were sacrificed at inter- 
vals from 5 minutes to 1 hour following in- 
jection. The parathyroids and surrounding 
tissue were removed and fixed in acetone 
to prevent the leaching of parathyroid 
polypeptides. Radioautographs were pre- 
pared by the dipping emulsion technique.* 

Figure 1, 4 and B shows radioauto- 
graphs of parathyroid, thyroid and muscle 
tissue taken 10 minutes following the injec- 
tion of 250 uc of tritiated methionine. Silver 
grains are quite evident over the parathy- 
roid cells. The thyroid colloid shows no evi- 
dence of radioactivity and there are only a 
few grains visible over the thyroid cells and 
muscle. 

It is clear from these experiments that 


* Presented at the Twelfth Annual Meeting of the Association of University Radiologists, Chicago, Illinois, May 14-16, 1964. 
From the Harvard Medical School Department of Radiology at the Peter Bent Brigham Hospital. 
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I':c. 
Cason stain. 


i. Radioautographs of rat parathyroid gland, 
Tissues were removed and fixed in 
acetone 10 minutes after injection of tritiated 
methionine. (7) Parathyroid (left) and thyroid. 
(B) Parathyroid (left) and muscle. A greater 
number of silver grains is visible over parathyroid 
than over other tissues ($00 X magnification). 


methionine can be used to tag hvperactive 
parathyroid specifically, in contrast to sur- 
rounding muscle and thy roxine-suppressed 
thyroid tissue. 


HUMAN PHYSIOLOGIC INVESTIGATIONS 


After the concentration of methionine by 
the hyperactive rat parathyroid was 
demonstrated, the distribution of seleno- 
methionine was studied in a patient suffer- 
ing trom overt hvperparathvroidism. 

CASE STUDY 

ED (PBBH No. 2-38-03), a 41 year old 
woman, had two renal calculi removed 5 years 
before her admission. Two years previously she 
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had delivered a full term infant who suffered 
from neonatal tetany; the patient’s calcium at 
that time was 9.3 mEq./L. On admission to the 
hospital she complained of anorexia, irritability, 
constipation, polyuria, polydypsia and bone 
pain. On physical examination a 2X3 cm. nod- 
ule was palpable at the left lower rdg lobe. 


Calcium was 9.0 mEq. hi 3i phosphorus t. 5 mM, 
alkaline phosphatase 4.0 Bessy Lowry units, 


and blood urea nitroge n 33 mg. per cent. On a 
200 mg. calcium diet, 400 to 600 mg. of calcium 
was found in her daily urine. The patient was 
given cytomel, ço ug. every 12 hours, for 2 days 
prior to surgery. At operation a 3.3X 3.2 X 3. 
cm. parathyroid adenoma weighing 13.8 2n 
was removed from the left lower thy roid pole. 

Exactly 1 hour prior to the removal of the 
parathyroid adenoma, 200 uc of Se seleno- 
methionine was injected intravenously. Serial 
blood samples were taken throughout surgery 
and thereafter. Total radioactivity was deter- 
mined in the parathyroid adenoma and blood as 
well as in E of surrounding normal muscle 
and thvroid removed at operation. In addition, 
the tissues were homogenized and treated with 
cold § per cent trichloroacetic acid to separate 
the protein (TCA precipitable) and nonprotein 
(TCA soluble) radioactivity. The blood samples 
were similarly treated. 


Figure 2 shows the distribution of radio. 
activity in parathyroid, muscle and blood. 
It is evident that per gram of tissue the 
greatest total radioactivity 1 hour after the 
administration of the radioactive amino 
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Fic. 2. Distribution of radioactivity in human para- 
thvroid, thyroid, muscle and blood 1 hour follow- 
ing the infection of 200 uc of Se? selenomethionine. 
Ordinate values in. per cent of injected dose per 
gram of tissue or milliliter of blood. 
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acid is to be found in the parathyroid. The 
relative radioactivity of these tissues was: 
parathyroid to thyroid 7.8:1, parathyroid 
to strap muscle 5.7:1 and parathyroid to 
blood 8.6:1. It 1s also evident from Figure 
2 that over 9o per cent of the radioactivity 
is found in protein at 1 hour, which implies 
that considerable synthesis of parathyroid 
hormone had taken place during this pe- 
riod. 

The relative parathyroid to thyroid 
radioactivity was studied in 2 other pa- 
tients 24 hours following the administration 
of Se” selenomethionine. The first patient 
received cytomel preoperatively; a parathy- 
roid adenoma was removed at surgery. The 
ratio of parathyroid to thyroid radio- 
activity per gram of dried weight was found 
to be 18.6:1. The second patient did not re- 
ceive any thyroid derivatives preopera- 
tively and was found to have parathyroid 
hyperplasia on exploration. The relative 
parathyroid to thyroid radioactivity was 
2.5:1. This decreased ratio was due to an 
absolute increase in thyroid radioactivity 
and suggests that thyroxine does suppress 
the uptake of selenomethionine in the nor- 
mal human thyroid and, further, that this 
suppression is requisite to obtaining a high 
relative concentration of the amino acid in 
parathyroid tissue. 

The time course of serum radioactivity 
was studied extensively in another patient 
(Fig. 3). Following intravenous injection, 
the serum radioactivity falls abruptly as the 
amino acid is distributed into various tis- 
sues. The minimum is reached at 30 min- 
utes. The serum activity then rises again, 
the radioactivity now being trichloroacetic- 
precipitable and presumably associated 
with newly synthesized, circulating serum 
proteins. 

Similar curves have been obtained with 6 
other patients. The minimum serum radio- 
activity has been found to occur at from 20 
to 40 minutes after injection. One might, 
therefore, expect to encounter minimal 
interference by circulating radioactivity 
when photoscans are carried out during this 
interval. 
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Fic. 3. Time course of serum radioactivity following 
the intravenous injection of Se” selenomethionine. 
The radioactivity has been fractionated into tri- 
chloroacetic acid soluble (amino acid) and tri- 
chloroacetic acid precipitable (protein) com- 
ponents. 


CLINICAL APPLICATIONS 


Since the selective uptake of seleno- 
methionine could be demonstrated by the 
human hyperactive parathyroid in the first 
hour following administration of the labeled 
amino acid, this information was applied to 
external scanning in 7 of our own patients 
(summarized below). and 3 referred from 
outside hospitals. 


CASE STUDIES 


MC (PBBH No. 4-78-62) was a 45 year old 
woman with a history of recurrent hypercal- 
cemia, repeated nephrolithiasis and duodenal 
ulcer. Her serum calcium was 5.3 to 5.6 mEq. 
/L., phosphorus 0.8 to 1.1 mM., blood urea 
nitrogen 74 mg. per cent. Tubular reabsorption 
of phosphate was 78 per cent of normal and her 
daily urinary calcium excretion on a 200 mg. 
calcium diet was 141 to 321 mg. 

WC (PBBH No. 4-75-52) was a 20 year old 
man with a history of nephritis. He had painful 
masses over both elbows and hands, and bone 
roentgenograms were characteristic of hyper- 
parathyroid overactivity. His calcium was 4.2 
to 4.3 mEq./L., phosphorus 4.0 to 4.3 mM., 
alkaline phosphatase 4.5 Bessy Lowry units and 
blood urea nitrogen 62 to 120 mg. per cent. 

DS (PBBH No. 2-91-65) was a $1 year old 
man admitted for “metabolic bone changes." 
Calcium was 5.4 to 6.6 mEq./L., phosphorus 
0.9 to 1.7 mM., alkaline phosphatase 5.5 Bessy 
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Lowry units, and blood urea nitrogen 4o to 50 
mg. per cent. 

PD (PBBH No. 1-00-24). This 44 year old 
man was admitted for fluoride treatment of 
osteoporosis. He had a $ year history of hyper- 
calcemia, Calcium was 4.5 to 5.0 mEq./L., 
phosphorus o.9 to 1.0 mM.,, alkaline phos- 
phatase 1.1 Bessy Lowry units and blood urea 
nitrogen 19 mg. per cent. 

RC (PBBH No. 1-40-61), a £6 year old 
woman, was admitted for evaluation of anemia, 
aches and pains, and easy fatiguabilitv. A nod- 
ule was palpated in the midportion of the right 
thyroid. Her calcium was 5.9 mEq./L., phos- 
phorus 0.8 mM., alkaline phosphatase 1.9 to 4.2 
Bessy Lowry units and blood urea nitrogen 12 
mg. per cent. lodine 131 scan demonstrated an 
increased concentration of the isotope in an 
area of the right thyroid lobe. At surgery a thy- 
roid adenoma was found in this location, in ad- 
dition to a carcinoma of the left lower parathy- 
roid gland. 

ML (PBBH No. 4-41-09), a 1 § vear old girl, 
had nephrosis at the age of 2. Six months prior 
to admission she developed uremia and acidosis. 
On physical examination she had a palpable 
nodule at the left lower pole of the thvroid. Cal. 
cium was 5.6 mEq./L., phosphorus 2.4 to gi 
mM., alkaline phosphatase 2.8 to 3.6 Bessy 
Lowry units and blood urea nitrogen 12 5 mg. 
per cent. 

CM (PBBH No. 0-56-40) was a 1 year old 
woman with rheumatic heart disease. She was 
admitted to the hospital for hematuria and kid- 
ney stones. On physical examination she had 
murmurs consistent with mitral stenosis and in- 
sufficiency and a nodule was palpated in the re- 
gion of the right lobe of the thyroid. Her cal- 
cium was 5.3 to 6.7 mEq./L., phosphorus 0.9 
to 1.3 mM., alkaline phosphatase 3.2 Bessy 
Lowry units, and blood urea nitrogen 16 mg. 
per cent. lodine 131 scanning of her thyroid 
showed an area of inactivity in the inferior, 
medial aspect of the right lower pole. She had a 
thyroid carcinoma at this locus, as well as a 
hyperplastic parathyroid gland. 





All the patients but CM (o-s6-40) re- 
ceived 50 ug. of cytomel twice daily for 3 to 
8 days prior to the administration. of 
selenomethionine. An intravenous injec- 
tion of 200 uc of Se? selenomethionine was 
then made and scanning was begun, usu- 
ally within 5 minutes after the administra- 
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Fic. 4. Se? selenomethionine photoscan of patient 
DS (2-91-65). The area of increased density, indi- 
cated by the arrow, was subsequently found to be 
the location of a hyperplastic parathyroid gland 
at the thoracic inlet, 


tion of the isotope. Several consecutive 
scans were run on each patient over a 4 
hour period and the interpretations made 
on the basis of persistent foci of increased 
activity as Judged by superimpositions of 
the individual transparencies. Topographic 





m 


Fic. 5. Se? selenomethionine photoscan of patient 
ME (4-41-09). The outlined areas of increased 
density correspond to the location of hyperplastic 
parathyroid glands. The largest focus of para- 
thyroid activity was over the clinically palpable 
nodule. The four large dots are for purposes of 
topographie orientation, The unmarked area of 
increased activity at the lower, central portion of 
the scan corresponds to the manubrium sterni. 
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control is achieved by roentgen-ray orienta- 
tion or skin marking. A Picker Magnascan- 
ner with a 3 inch crystal was used for these 
initial studies. 

Figure 4 is the scintillation scan. ob- 
tained in patient DS. The area correspond- 
ing to an increased concentration of radio- 
activity was subsequently established as 
the site of a parathyroid adenoma. Figure 
5, a photoscan of patient ML, shows 1 large 
and 2 small foci of increased radioactivity. 
At surgery, 3 hyperplastic glands were 
located in corresponding areas. The aver- 
age diameter of the largest gland (lett 
lower) was 3 times that of the other 2. 

Table 1 is a summary of the results ob- 
tained with the 10 patients. The number of 
davs of cytomel administration and the 
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interpretation of the scans, as well as the 
surgical and pathologic findings are given. 

In Patients 1 through 6 there was good 
agreement between the interpretation of 
the scans and the surgical findings. Four 
cases of chief cell hyperplasia, 1 case of 
parathyroid adenoma and 1 case of para- 
thyroid carcinoma comprised this group. In 
Patient 4, only one area of increased radio- 
activity was seen on the scan, while 2 
hyperplastic glands were found, the greater 
degree of hyperplasia being in the gland 
with topographic correspondence to the 
site of increased radioactivity. 

Patient 1, who had a past history of re- 
current hypercalcemia and hypercalcuria, 
was found, while in the hospital, to have a 
high normal serum calcium and low normal 
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RESULTS OF SELENOMETHIONINE SCANNING IN 10 PATIENTS WITH PROVEN PARATHYROID PATHOLOGY 


Patient 
(days of cytomel 
administration) 


MC 4-78-62 
(s days) 


. WC 4-75-52 


(3 days) 


. DS 2-91-65 


(3 days) 


. PD 1-00-24 


(8 days) 


, RC 140-61 


(5 days) 


. ML 4-41-09 


(4 days) 


. CM 0-56-40 


(none) 


. AK USPH Hosp. 


Brighton, Mass. 
(4 days) 


. MK Mass. Gen. 


Hosp., Boston, Mass. 
(4 days) 


NR Beth Israel 


Scan Report 


Increased radioactivity, right lower 
pole of thyroid 


Increased radioactivity at each thy- 
roid pole 


Íncreased radioactivity at thoracic 
inlet 


Increased radioactivity, right upper 
lobe of thyroid 


Increased radioactivity, left lower 
pole of thyroid 


Large area of radioactivity, left 
lower pole of thyroid; moderate, 
symmetric areas of radioactivity, 
both upper poles 


Thyroid gland radioactive through- 
out. No definite area of relatively 


increased radioactivity seen 


Low midline area of radioactivity 


No definite, localized area of in- 
creased radioactivity visualized 


No definite, localized area of in- 


Hosp., Boston, Mass. creased radioactivity visualized 


(4 days) 








Surgical Findings 


Parathyroid nodule at right lower 
pole of thyroid 


Four hyperplastic parathyroid 
glands, one at each thyroid pole 


Parathyroid nodule removed from 
thoracic inlet 


Normal sized parathyroid glands 
found at right upper, right lower 
and left lower poles of thyroid 


Abnormal parathyroid tissue found 
in region of left lower pole 


Large hyperplastic parathyroid 
gland found at left lower thyroid 
pole, smaller glands found at both 
upper poles 


Hyperplastic parathyroid gland at 
night lower thyroid pole 


Left lower pole parathyroid nodule 


Large left upper pole parathyroid 
nodule 


Right lower pole parathyroid nod- 
ule 


Pathology 


- 


Parathyroid adenoma 


Chief cell hyperplasia. Secondary 
hyperparathyroidism 

Chief cell hyperplasia 

Chief cell hyperplasia. of both 
right glands, upper greater than 
lower. Normal cellularity, left 
lower gland 

Parathyroid carcinoma 

Chief cell hyperplasia of all 3 


parathyroid glands, Secondary 
hyperparathyroidism 


Chief cell hyperplasia 


Parathyroid adenoma 


Parathyroid adenoma 


Parathyroid adenoma 
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serum phosphorus. A bone biopsy of the 
iliac crest was reported as normal. Sele- 
nomethionine scanning showed an area 
of increased radioactivity in the right 
lower pole of the thvroid and at surgery a 
parathyroid adenoma was found at this 
site. This patient's laboratory findings sug- 
gest that her parathyroid disease was in a 
state of relative quiescence, vet sufficient 
isotopic uptake obtained to produce a posi- 
tive photoscan. 

Patient 7 received no cytomel and seleno- 
methionine scanning outlined the entire 
thyroid gland. The patient also received io- 
dine 131 prior to the selenomethionine scan, 
which raised the possibility that the radio- 
activity visualized might have been from 
this source despite efforts to eliminate it by 
spectrometric adjustments of the receiver. 
On the other hand, Patient $ also received 
I! 2: days prior to Se” selenomethionine. 
A photoscan taken with the I? window at 
the time of selenomethionine administra- 
tion showed increased radioactivitv in the 
right thyroid, from which a thyroid 
adenoma was subsequently removed. Scan- 
ning performed with the Se? window failed 
co demonstrate any increased radioactivity 
in the right thyroid, while increased radio- 
activitv was demonstrated on the left at 
the locus of a parathyroid carcinoma. These 
observations support the thesis that the 
visualized thyroid outline on photoscanning 
the cervical region of Patient 7 with the 
selenium window was due to-selenomethio: 
nine uptake by the unsuppressed thyroid. 

In Patient 8, a parathyroid adenoma was 
found at surgery but its location did not 
correspond exactly to the position of in- 
creased radioactivity seen in the photoscan. 
In Patients 9 and 10, no foci of undoubted 
radioactivitv were found | in correspondence 
to the location of parathyroid adenomas 
found at surgery. These last 2 patients 
must be classified as false negative results. 


CONCLUSIONS 


The utilization of Se? selenomethionine 
for external scanning shows promise for the 
preoperative localization of abnormal para- 
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thyroid tissue. Rodent experiments demon- 
strate that radioactive, tritiated methionine 
Is concentrated in the hyperactive parathy- 
roid to a greater extent than it 1s in sur- 
rounding muscle and thvroxine-suppressed 
thyroid tissue. The distribution of radio- 
active selenomethionine in human parathy- 
roid, thyroid and cervical musculature fol- 
lows the same patterns as its tritiated sulfur 
counterpart does in the animal. 

Out of a group of 10 patients who had 
cervico-mediastinal scans following the ad- 
ministration of selenomethionine, the pro- 
cedure was helpful in localizing abnormal 
parathyroid tissue in 6. In r patient (AK) 
the region of radioactivity did not corre- 
spond precisely to the location of a surgical- 
ly found parathyroid adenoma, and in 2 pa- 
tients (MK, NR) with adenomas no defi- 
nite area of increased radioactivity was 
visible on the scan. The visualization of the 
entire thyroid in 1 patient (CM) who failed 
to take cytomel prior to selenomethionine 
administration precluded anv possibilitv of 
localizing a hyperplastic parathyroid. 

It is to be expected that technical ad- 
vances in scintillation scanning will im- 
prove the accuracy and precision of the 
method proposed for the clinical evaluation 
of parathyroid pathophysiology. 

E. James Potchen, M.D. 
721 Huntington Avenue 
Boston, Massachusetts 
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DISSOCIATION OF I" FROM RADIOPHARMACEUTI- 
CALS AS MEASURED BY THYROID UPTAKE* 


By YEN WANG, M.D., D.Sc. (step.) 
PITTSBURGH, PENNSYLVANIA 


S THE utilization of the [ labeled 
radiopharmaceutical preparations in- 
creases, the stability of the compounds 
used becomes of increasing importance for 
assessing the results of a given test and for 
determination of the radiation dose to the 
patient. This is of particular interest to 
the workers in nuclear medicine and other 
related fields. 


PROCEDURE 


The measurement of thyroid uptake of 
D? is an adequate and readily available 
procedure for evaluating dissociation of I?! 
from the original la beled preparation, and 

was employed in this experiment. 

The patient was given a tracer dose of 
I? labeled preparations for the specific 
studv, and was returned in 24 hours for the 
thvroid uptake determination. The Picker 
Magnascanner, calibrated by using a wide 
angle collimator and a discriminator setting 
of 300-425 kev., was used to measure the 
aioe uptake. A standard tracer from 
the same lot from which the patient re- 
ceived his dose was put into a special con- 
tainer and placed 25 cm. from the end of 
the collimator (so cm. from the crystal), 
This standard was counted for 1 minute, 
and corrected for room background. The 
patient was placed under the machine with 
his neck hyperextended and the activity of 
the thyroid gland was counted with the 
same collimator at the same distance as the 
phantom was counted. A spot on the pa- 
tient's thigh, about as large in diameter 
as the patient’s neck, was chosen and 
counted. The count rate of the thigh was 
subtracted from the count rate of the 
thyroid gland to obtain the net thyroid 


gland count. The mathematical expression 


for the 24 hour uptake ts 


too net c/m thyroid gland 


n... ""..mw———————— 


c/m phantom 


RESULTS 


1. RISA (Radioactive Dodtnated Serum 
Albumin). Following an intravenous tracer 
dose of RISA of 5 uc (tor blood volume 
determination) to soo uc (for brain scan- 
ning or vascular studies), the 24 hour 
glandular bod he eae of I? were 


(Fig. 1). T he av rane thy m E for T 
patients was 6.8 per cent. 

2. D? Rose Bengal. Following an intra- 
venous tracer dose of I?' rose bengal of 
100-200 uc for liver scanning, the 24 hour 
thy rar uptake of bae were » bs range of 


d d ite for T botient ts was $6.9 e cent. 

3. ?. Hippuran. Following an intra- 
venous tracer dose of I! hippuran of 5 uc 
(for a renogram) to 200 uc (for renal scan- 
ning), the 24 hour b US uptakes of I?! 
were in the range of 0.0-2.6 per cent (Fig. 
1). The average for 15 patients was 0.6 per 
cent. 

4. [P9 Triolein. pouewing an oral tracer 
dose of I?! triolein of 25-100 we, the 24 hour 
thvroid uptakes of p were found to show 
a linear relation with the amount. of 
Lugol’s solution administered (Fig. 2). 
Without the administration of the Lugol 
solution, the thyroid uptakes were in the 
range of 9.2-18.9 per cent; with 2, 3, and 
4 doses of § B each in I day, the range 
of uptakes was 2.1-6.8 per cent, 0.2-2.9 per 


* From the Department of Radiology, Presbyterian-University Hospital, University of Pittsburgh School of Medicine, Pittsburgh, 


Pennsylvania, 
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Fig. 1. Range of distribution of I3! thyroid uptake from I!* labeled radiopharmaceuticals. 


cent, and o.2-1.0 per cent, respectively 
(Fig. 2). 
DISCUSSION 


From the given results, the dissociation 
of I?! in the cases of I?! rose bengal and I?! 
hippuran by intravenous administration 
is not significant. This kind of isotopic 
preparation is most desirable for daily 
practice since it causes no special concern 
in preparing the patient for other types of 
radioisotope studies and, since 1t 1s stable, 
contributes very minimally to the total 
radiation dose. 

RISA by intravenous administration has 
shown a much higher 24 hour thyroid up- 
take. Therefore, recommended doses of 
Lugol’s solution should be given to the 
patient who would be subjected for a study 
using more than 20 uc of RISA. 

I5: triolein by oral administration showed 
the highest thyroid uptake and the highest 


rate of dissociation of I. This is mostly 
due to the digestive breakdown in the 
gastrointestinal system. In preparing the 
patient for I? triolein absorption study, 4 
doses of Lugol’s solution, 5 drops each in 
one day are found to be satisfactory for 
proper blockage of thyroid uptake of dis- 
sociated I? In the literature, various 
amounts of Lugol’s solution from none to 
48 drops in periods from 1 to 3 days are 
reported.^?? The degree of dissociation of 
I"! which was observed in this experiment 
is presumably a reflection of both inherent 
and metabolic stability of the 4 compounds. 


SUMMARY 


I. The stability of various I labeled 
compounds, which are currently employed 
in medicine, was evaluated by I?! thyroid 
uptake studies. 

2. I! rose bengal and I"! hippuran 
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Fic. 2. Degree of 24 hour I! thyroid uptake from oral P triolein corresponding 
to doses of Lugol's solution administered. 


showed the least I'* thyroid uptake and are 
proven to be the most stable compounds. 
They are ideal for clinical use. 

3. Four doses of Lugol's solution, 5 
drops each, in one day are found to be 
satisfactory for the blockage of the thyroid 
in preparing the patient for a larger tracer 
dose of RISA and for an I?! triolein study. 


Department of Radiology 
University of Pittsburgh 
School of Medicine 
230 Lothrop Street 
Pittsburgh, Pennsylvania 15213 
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A DIFFERENT APPROACH TO CHEST ROENT- 
GENOGRAPHY: TRIAD TECHNIQUE (HIGH 
KILOVOLTAGE, GRID, WEDGE FILTER) 


By PATRICK A, LYNCH, M.D. 


YAKIMA, WASHINGTON 


increasing technical develop- 
ment, roentgenography of the chest 
has steadily improved. The conventional 
chest roentgenogr however, still has 
shortcomings inherent in the present tech- 
niques; nearly half of the lung field 1s seen 
through superimposed shadows of clavicles, 
ribs, breast tissue and the heart, which ob- 
scure much of the finer detail. When an 
attempt is made to take a roentgenogram 
of a patient whose chest measures 26 cm. 
or more in the posteroanterior projection, 
the problems become even greater. It is 
very difficult to obtain a roentgenogram of 
the same quality of a chest measuring 28 
cm. or more that one would expect to 
achieve in the average patient of lesser 
measurement. 
The main problems which confront us 
with chest roentgenography can be divided 
into three categories: (1) lack of penetra- 


tion, (2) lack of fine detail, and (3) uneven 


hc 


LACK OF PENETRATION 


Figure 1 Æ is a posteroanterior conven- 
tional chest roentgenogram of a patient 
whose chest measures 28 cm. in the pos- 
teroanterior projection. There is poor 
penetration of both bases due to heavy 
viis st tissue. a IF ERSIDE the ADV 


= to 134 un dA bres ee m 
bone structures are more adequatelv pene- 
trated (Fig. 15). The increased latitude 
gained by this elevation in kilovoltage en- 
abled us to better differentiate tissues 
which are closely similar in density. Thus, 
the first step toward i increasing detail was 
accomplished. It must be noted, however, 
that this increase in kileveltise has re- 
sulted in an over-all gravness and haziness 





Fic. 1. G4) Conventional 


in kilovoltage, the breasts and overlying bone structures are adequately penetrated but the 


are overpenetrated. 


chest roentgenogram of a woman with adipose breasts. (B) With an increase 
apical regions 
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of detail, which we believe is due to sec- 
ondary r LION effect. Also, the apical re- 
gions are overpenetrated which is unde- 
sirable (Fig. 1B). 


LACK OF FINE DETAIL 


To further improve the detail and to 
overcome the secondary radiation effect, 
as a second step, we have emploved a 12:1, 
so lime, stationary grid. This grid is 
mounted on the front of the chest board 
and is permanently fastened in its position. 
The purpose of the grid is the same as 
that which justifies the use of the Bucky 
diaphragm; namely, to eliminate scattered 
radiation and to enhance contrast. Where 
a 72 inch reciprocating upright Bucky 
diaphragm is available, this is used in 
place of the stationary grid. The conven- 
tional chest roentgenogram usually dem- 
onstrates only the larger pulmonary vessels. 
By the use of the grid and also by employ- 
ing a shorter exposure time, we have been 
able to consistently demonstrate vessels as 
small as t mm. in caliber in the far peri- 
phery of the lungs. Several factors made 
this possible: (a) the latitude allowed by 
high kilovoltage in differentiating tissues 
of almost similar densitv; (b) the penetra- 
tion of the overlying ribs (now somewhat 
less obvious because of the penetrating high 
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kilovoltage); and (c) the shorter exposure 
time which stops the motion of these 
smaller pulmonary vessels, making them 
visible in the periphery of the lung. Figure 
a A and d aona this in some de- 
new. Figure 3, 
4 and B ee this again in the 
lateral view. 

When we first used this technique, we 
over-read each roentgenogram, for we were 
seeing small peripheral vess els | in the bases 
and beneath the ribs which were not pre- 
viouslv visible. Even now, we must inter- 
pret a chest roentgenogram with a different 
approach than the one that we had been 
accustomed to when using the conventional 
dirlo a s outset over-reading pro- 
"pulmonary conges- 
tion,” D y dress ete. in many 
normal patients. Follow-up studies at our 
request taught us that these newly visible 
markings were small normal vessels which 
we had not previously been able to visualize. 
We, therefore, as a third step, had to de- 
velop a new standard for normality. 


UNEVEN DENSITY 


This step consisted in correcting the un- 
evenness in density between the apices and 
the bases. As one views the pyramid shape 
of the chest from the side (Fig. 4), it be- 
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Ido. 


Same patient as in Figure 2. (4) Conventional lateral chest roentgenogram. (7) High kilovoltage 


lateral chest roentgenogram, using a grid but not the wedge filter, also shows the overpenetrated apices. 


comes quite obvious that less radiation is 


needed for a satisfactorv roentgenogram of 


the narrow apical portion than for the 
wider basilar portion. This is especiallv 
true in the case of the larger women with 
heavy breast tissue (Fig. 5.7). Therefore, 
we have utilized a reversible wedge filter 
cone. In the posteroanterior projection by 
increasing the kilovoltage, we have pene- 
trated the heavy breast tissue but have 
overexposed and blacked out the apices 
(Fig. 5 B). With the use of the reversible 

wedge filter cone, we have decreased apical 
exposure and obtained the result seen in 
Figure 5 C. Even in an average patient the 





N 
CASSETTE 


Fie, 4. Diagram showing the anatomic reasons for 
using wedge filter in the posteroanterior projec- 
tion, 


excellent detail produced by this triad 
technique (high Kilovoltage, grid, and 
wedge filter) is quite apparent when com- 
pared to the conventional chest roentgeno- 
gram (Fig. 6, , and 5). 


LATERAL CHEST ROENTGENOGRAPHY 


The greatest advantage of this triad 
technique, however, has been observed in 
lateral chest roentgenographv. Here, the 
same wedge filter cone 1s used in reverse. 
Its principle is shown diagr ammaticallv in 
Figure 7. While the lung is still -o 
shaped, the soft tissues of the trunk : 
chest level form an inverse pyramid. Sev. 
eral factors enter into the problem of un- 
even density in the lateral view. Heavy 
muscles absorb considerable radiation, re- 
sulting in underexposed or light apices. In 
direct contrast, the triangular area of al- 
most pure air-containing lung, which is al- 

s found behind the heart, absorbs very 
little radiation, resulting in an overexposed 
or blacked out area at the base. Thus, by 
placing the thicker part of the filter over 
the base to cut down radiation and the 
thinner part over the apex to allow more 
radiation, a lateral chest roentgenogram of 
excellent quality is produced (Fig. 8, 47 and 
B). The wedge filter cone is made of alu- 
minum and the wedge filter on the cone 1s 
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Conventional posteroanterior 
st roentgenogram. (5) High kilovoltage 
posteroanterior chest roentgenogram, using 
grid but no wedge filter, shows good pene 
tration of the heavy breast tissue but over- 
penetration of the apices. (C) Posteroan- 
terior chest roentgenogram made with the 
triad technique. (high kilovoltage, grid, 
wedge filter) shows more uniform detail. 








Fic. 6. (4) Conventional posteroanterior chest roentgenograms of an average sized patient. (B) Postero- 
anterior chest roentgenogram made with the triad technique in the same patient. The greater detail in B 
Is apparent, 
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. Diagram showing the anatomic reasons for 
aane wedge filter in the lateral projection, 





completely reversible in seconds ( 
This cone, we have found, can also 
for roentgenography of other 


g. 9). 
ye used 


Fi 
b 
inatomic 
of desired 


parts with the substitution 
wedges. 


We have been able to demonstrate de- 
tails in the apices of the lung and the an- 
terior lower mediastinum which were not 
at any time demonstrated in the conven- 
tional lateral chest roentgenograms of the 
same patient. In Figure 10, Æ and B, a con- 
'entional lateral chest roe ntgenogram of a 
woman, whose chest in the posteroan- 


terior projection measured 38 cm., 1s com- 
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Fic. g. The reversible wedge filter cone. 


pared with a chest roentgenogram of the 
same woman made by the triad technique. 
The improvement in detail is quite evident. 





EQUI 

For our procedure we have used a foo 
ma. machine with 150 kv. Dynamax tube, 
a Lysholm 80 line grid and Cascade's re- 


versible wedge filter cone. This study com- 








Sees 


Fic. 8. C4) Conventional later: 


il chest roentgenogram. (3) Lateral chest roentgenogram 


made with the triad technique. 


970 





Patrick Ar bunch 


ÅPRIL, 1965 


Fic. 10, (4) Conventional lateral chest roentgenogram of a woman whose chest in the posteroanterior projec- 
tion measured 38 cm. (B) Lateral chest roentgenogram of the same woman, using the triad technique. 


prises over 3,000 chest roentgenograms us- 
ing Eastman Blue Brand film with Du 
Pont intensifying screens. Tables 1 and n 
list the factors of the techniques that have 
been worked out during the past vear to 
produce some of the roentgenograms in this 
presentation, We would like to emphasize 
that the exposure is done with a maximum 
of 200 to 300 ma., and an optimum kilovol- 
tage of 134 kv. for the posteroanterior and 


M 


124 kv. for the lateral view. It is our ex- 


perience that a fixed kilovoltage tends to 
eliminate some of the technicians’ errors, 
especially those in measurement, and that 
when there is onlv one variable, namely, 
the time, errors are reduced to minimum, 
oo consistent reproduction of the 

“amination on the same patient. 

As turther technical advances are made, 
It is expected that chest roentgenography 
will continue to improve. The use of the 
triad technique, especially in lateral chest 


Tape I 


POSTEROANTERIOR CHEST TECHNIQUE EMPLOYING GRID AND WEDGE FILTER 








19-21 cm. 200 ma. 134 kv. 1/60 sec. 72 inch distance 
22-24 cm. 200 ma. [34 kv. 1/40 sec. 72 inch distance 
25-27 Cm. 200 ma. 134 kv. I/ 30 sec. 72 inch distance 

28—30 cm. 200 ma. 134 kv. 1/20 sec. 72 inch distance 


Tapie I 


LATERAL CHEST TECHNIQUE EMPLOYING GRID AND WEDGE FILTER 





25-27 cm. 200 ma. 124 kv. 
28-30 cm. 200 ma, 124 kv. 
31-33 cm. 200 ma. 124 kv. 
34-736 cm. 200 ma. 124 kv 

37*30€mk 200 ma. 124 kv. 








72 inch distance 


1/20 sec. 7 
1/15 sec. 72 inch distance 


1/10 sec. 72 inch distance 
5/20 sec. 72 inch distance 
2/10 sec. 72 inch distance 
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roentgenography, seems to represent a 
worthwhile contribution in this direction. 


SUMMARY 


. Series of chest roentgenograms were 
mae of a group of consecutive patients, 
using the conventional technique and a new 
triad technique (high kilovoltage, grid, 


wedge filter) in an effort to solve many of 


the present problems encountered in con- 
ventional chest roentgenography. 

2. It was found that the main problems 
in conventional chest roentgenography 
could be classified under three headings: 


A Different Approach to 


Chest Roentgenography 971 
(1) poor penetration, (2) lack of fine de- 
tail, and (3) uneven density. These were 
solved, in part, by the use in sequence of 
high kilovoltage to solve problem (1), a 
fixed grid and a very short exposure time to 
solve problem (2), and a reversible wedge 
filter cone to solve problem (3). 

3. It is concluded from this study that 
superior chest roentgenograms, especially 
in the lateral view, can be obtained by the 
use of the triad technique. 

Patrick A. Lynch, M.D. 
Suite 12, 307 So. 12th Avenue 
Yakima, Washington 
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SERIAL 2 FILM METHOD OF DIFFERENTIATING 
SLIDING AND PARA-ESOPHAGEAL HERNIAS 


By SIDNEY W. 





NELSON, M.D. 


COLUMBUS, OHIO 


OR many years I have used a simple ob- 

jective method of differentiating be- 
tween sliding and para-esophageal hiatus 
hernias. The method was devised because it 
was frequently difficult to determine the 
tvpe of hernia shown on ordinary roent- 
genograms and the written note of the 
fluoroscopic findings often onlv alluded to 
the fact that a hiatus hernia was present. 
Furthermore, routine  roentgenographic 
studies often showed the hernia to be filled 
with air or barium, with or without visuali- 
zation of the barium-filled esophagus ad- 
Jacent to the hernia. Such roentgenograms, 
although of good qualitv, frequently did not 
permit the identification of the esophago- 
gastric Junction. 

The identification of the esoph nagogastric 
junction 1S impor tant because, if it can be 
identified above the diaphragm, the hernia 
is obviously of the "sliding" type; 7.e., the 
esophagogastric junction has “slid” above 
the esophagogastric hiatus of the dia- 
phragm. On the other hand, if the esopha- 
gogastric junction is below the diaphragm, 
the associated hernia cannot be of the slid- 
ing type, and must, therefore, be of the 
para-esophageal type. Thus, the radiologic 
identification of the location of the esopha- 
gogastric june tion with relationship to the 
diaphragm i is the one requirement for ac- 
curate differential diagnosis of these tvpes 
of hernia. 


METHOD 


A simple, precise, and objective method 
for locating the esophagogastric junction 
consists of making 2 serial roentgenograms 
with the patient in the prone position in 
which the hernia will be shown by “air 
contrast" technique if it has first been filled 
with barium with the patient in the supine 
position. The 2 serial roentgenograms (Fig. 


1, Zand 5; 2, 4 and B; and 3, A4 and B) 


I 


are made during the routine fluoroscopic 
examination with the patient holding his 
breath for the entire procedure. The first 
roentgenogram is made as the bolus of in- 
gested thick barium cream or paste reaches 
the level of the proximal portion of the 
hernia (Fig. 1,7; 24; and 34). The second 
study 1s made 2 to 4 seconds later as the 
bolus enters (or appears to enter) the hernia 
(Fig. 18; 2B; and 3B). 

The esophagogastric junction can be 
identified cor rectly during fluoroscopy by 
noticing whether the hernia fills or does not 
hill with the swallowed barium bolus, but it 
is much more easily and objectively identi- 
fied by studying the 2 serial roentgeno- 
grams. If a single swallowed barium bolus 
Is seen to enter the air-filled hernia with the 
patient in the prone-oblique position, the 
esophagogastric junction must be located 
above the diaphragm; 7.¢., there is no way 
for the hernia located above the diaphragm 
to fill trom the esophagus unless the esopha- 
gogastric junction is located above the 
diaphragm. Converselv, if the esophago- 
gastric junction is located delow the dia- 
phragm, as in the case of para-esophageal 
hernias, the single barium bolus will only 
fill and outline the lumen of the esophagus 
as it passes through the region of the air- 
filled hernia, which is often superimposed 
over the esophagus, thereby making it diffi- 
cult or impossible to identify the esophago- 
gastric Junction on a single roentgenogram, 
particularly if the hernia is full of barium. 
However, the bolus of barium coursing 
through the lower esophagus does not enter 
a para-esophageal hernia, but passes into 
the infradiaphragmatic portion of the 
stomach and hence into the gastric antrum, 
from which location it cannot flow “uphill” 
to enter the hernia as long as the patient 
remains in the prone-oblique position. 

Although the supradiaphragmatie or 


fi 
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^ic, t. G4) Roentgenogram shows barium bolus approaching the proximal end of the hernia. (5) Roentgeno- 
gram made 2 or 3 seconds later shows the contracted esophagus which has propelled the bolus into a 


sophagogastric junction is aéove the diaphragm; Ze, the hernia is of the 


i 
hernia, thus proving that the e 
shding type. 

















hereas 7 made 2 or 3 seconds 
sophagogastric Junction 








Fic. 2. (4) Roentgenogram shows barium bolus beginning to enter the hernia, w 
later shows the entire bolus obviously w 
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thin the hernia, thus proving that the e 
lies above the diaphragm; że., the hernia is of the sliding type. 
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Fic. 3. (4) Roentgenogram shows barium bolus about to enter region of hernia. (B) Roentgenogram made 2 
seconds later shows that the barium bolus has obviously entered the hernia and is beginning to spread 
between the gastric folds. The esophagogastric junction is, therefore, obviously above the diaphragm, and 

M aS ~ ! 3 E = > 


the hernia is of the sliding type. 


subdiaphragmatic location of the esophago- 
gastric junction can also be established bv 
careful observation of the swallowed bar- 
ium bolus during fluoroscopy, the 2 serial 
film method provides objective proof of the 
diagnosis, in contrast to the lack of objec- 
tive proof following routine fluoroscopv or 
the routine postfluoroscopy single film 
studies. This serial 2 film method is also 
time-saving and economical, because it 
precludes the necessity for making roent- 
genograms in multiple projections of the 
barium-filled esophagus and hernia, a task 
frequently left to the technician following 
fluoroscopy, utilizing methods which leave 
much to chance, and are not diagnostic in 
many instances. Cine techniques, although 
also clearly diagnostic, are not necessary. 
Asa matter of fact, the 2 serial film method 


represents a simplified, but adequate, 
COP T EE MEME x qt . 
cine” method of making the diagnosis. 


CONCLUSION 


An economical simple 2 spot film serial 
study made under fluoroscopic control with 
the patient in the prone-oblique position 
permits clear-cut differentiation between 
sliding and para-esophageal hiatus hernias. 
The same principles can also be used to 
make the fluoroscopic diagnosis, but the 
serial flm method is desirable because it 
quickly provides objective evidence of the 
correct diagnosis. 


Department of Radiology 

The Ohio State University Hospitals 
410 West roth Avenue 

Columbus to, Ohio 
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REMOVAL OF PLUG FROM T-TUBE BY FLUORO- 
SCOPICALLY CONTROLLED CATHETER* 


REPORT OF A CASE 


By ALEXANDER R. MARGULIS, M.D., THOMAS H. NEWTON, M.D, 


and JOHN S. '"NAJARIAN 


, M.D. 


SAN FRANCISCO, CALIFORNIA 


AINTENANCE of patency of the T- 

tube inserted into the common bile 
duct at exploration 1s of great importance 
to patient and surgeon. Often, however, 
clots, grumous material, or even small cal- 
culi occlude the T-tube.* ** The frequency 
of obstruction of T-tubes is related to the 
magnitude of the surgical procedure, the 
large number of small common and hepatic 
duct stones, and the length of time that the 
T-tube is in the common duct. The impor- 
tance of maintaining free flow through the 
T-tube is best attested to by the numerous, 


rather energetic efforts at removal of 
plugs. ?15519 Many authors have used 


chemical solvents, such as bile salts,? ethyl 
ether,® chlorofotins and ethyl alcohol,'? 
alone or in conjunction with smooth muscle 
relaxants.’ Sterling? stated that he had on 
occasion removed stones with an infant cys- 
toscope. Because of irritation produced by 
chemical solvents, their use has been dis- 
continued and, at present, only phy siologic 
saline or water is recommended.? When irri- 
gation is not successful, most surgeons re- 
move the tube and, if necessarv, re-explore 
the common duct. 

In the case reported here, a catheter was 
introduced over a guide wire into the T- 
tube. It was manipulated under fluoro- 
scopic control, successfully breaking the 
plug in the proximal limb. 'The material was 
aspirated and patency was reconstituted. 


REPORT OF A CASE 


A £9 year old white salesman was admitted to 
the Herbert C. Moffitt Hospital with a chief 
complaint of "stomach trouble." On physical 
examination a mass was found in the right 
upper quadrant which was diagnosed as hy- 


drops of the gallbladder and possibly carcinoma. 
At laparotomy, a carcinoma of the gallbladder 
was found, which extended into the right lobe 
of the liver. No other evidence of metastatic 
disease was seen. A cholecystectomy and right 
hepatic lobectomy were performed. The com- 
mon duct was explored and T-tube drainage 
established. Postoperatively, the patient im. 
proved until about the seventh day, when 
biliary flow from the T-tube ceased. A cho- 
langiogram revealed an obstruction of the 
proximal limb of the T-tube. At this point, T- 
tube drainage was essential because of the re- 
cent closure of the right hepatic duct secondary 
to the right hepatic lobectomy. The problem 
was referred to the Department of Radiology 
where a small polyethylene catheter was in- 
serted through the T-tube over a guide wire. 
Inspissated bile and blood clots (Fig. 1 through 
4) were suctioned out by syringe through the 
catheter after the guide wire was removed. The 
procedure was performed under fluoroscopic 
control using a television monitor in a lighted 
room, Successful drainage of the T-tube resulted 
in a decrease in the biliary cutaneous fistula 
that had developed. Improvement continued 
and by the twentieth postoperative day the T- 
tube was removed. The patient was dischi arged 
on the thirty-third postoperative day in good 
condition, with jaundice completely cleared 
and subsequent spontaneous closure of the 
biliary cutaneous fistula. 


DISCUSSION 


In this patient, as in many others, main- 
tenance of free How of bile through the T- 
tube was essential for postoperative recov- 
ery. In the immediate postoperative inter- 
val, re-operation increases morbidity and 
significantly increases risk of mortality. A 
biliary cutaneous fistula resulting from the 
right lobectomy would not have healed if 


* From the Departments of Radiology and Surgery, University of California School of Medicine, San Francisco, California, 
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hic. 4. Cholangiogram shows occlusion of the 


5 1 


proximal limb of the T-tube. Contrast material 
outlines the hepatic duct and the outside of the 
proximal limb of the tube. The massive biliary 
cutaneous fistula is 
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the T-tube in this patient had not remained 


patent. 
catheter and guide wire were of the 





The r 
conventional type used for percutaneous 
arterial catheterization in most radiology 
departments.’ As this application gains ac- 
ceptance, special catheters and instruments 
undoubtedly will be designed. This wouk 
ye used under 





fluoroscopic 





lic. 2. The metallic guide wire introduced through 
the T.tube is demonstrated in place. The distal 





part and tip of the wire are in the proximal limb 


of the tube. 
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"IG, 3. After the plug of blood clot and inspissated 

bile were broken by the guide wire and suctioned 
ter, the catheter was re- 
moved. This cholangiogram shows patency of the 


entire T-tube and no evidence of any filling de- 








out through the cathe 

















Vic. 4. Blood clots and fragments of inspissated bil 
that were aspirated from the T-tube, The mesh is 
that of a gauze sponge, 





Vor, 93, No. 4 


removal or crushing of calculi in the T-tube 
or in the bile ducts. Instruments tor biop- 
sies of the ductal system, within or outside 
of the liver, or in the duodenum around the 
papilla will also undoubtedly follow. Hemo- 
stasis could be effected through the catheter 
and its success Judged by introduction of 
contrast medium and roentgenographic ob- 
servation. Dotter? has investigated similar 
procedures through the vascular approach. 


SUMMARY 


An occluded T-tube was rendered patent 
by means of a catheter introduced into the 
tube over a guide wire, under fluoroscopic 
control. Blood clots and inspissated bile 
were broken up by the guide wire and then 
aspirated through the catheter. The proce- 
dure was done in the immediate postopera- 
tive period after cholecystectomy and right 
lobe hepatectomy for carcinoma of the 
gallbladder. The implications of this ap- 
proach are discussed. 


Alexander R. Margulis, M.D. 

Department of Radiology 

University of California 
School of Medicine 

San Francisco, California 
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A NEW TECHNIQUE FOR SPLENOPORTOGRAPHY* 


By AYRES DE SOUSA, M.D, 


LISBON, 

AN. THOUGH the problem of splenic cir- 
ulation, as regards the connection of 

the ee capillaries with the splenic 


sinuses and the relationship of the latter to 
Billroth's cords has not been satisfactorily 
solved, there seems to be no doubt about 
the compartment-hke nature of the cir. 
culation in the spleen. Da Costa's? work, 
among others ;Dresents conclusive evidence 
of this. In fact, if an opaque substance is 
injected, first through the artery and then 
through the vein of the same spleen after 
the arterial and venous hilar branches in 
the opposite poles have been ligated (Fig. 
1), a definite juxtaposition of the two sys- 
tems wil be noted, giving the impression 
of arteriovenous unity. It, therefore, ap- 
pears that the splenic circulation is indeed 
compartmented. 


There is no true lobulation by septa, but 


A certain Und e functional i can 


tion of an arterio-venous-axis. Ane ae: in- 
jection of 12 cc. of lipiodol into a previously 
ligated hilar branch, the larger vessels be- 
come visible in two-thirds of the or gan and 
the injection of an additional 20 cc. pro- 
duces a clear delimitation of the compart- 
ment-like zone corresponding to the ligated 
branch. 

Since the work of Abeatici and Campi! 
the splenoportographic technique consists 
of injecting the contrast material into the 
spleen through a needle with an end open- 
ing bv a transcutaneous puncture. Varia- 
tions of this technique, as described by the 
different authors, have only been in the 
manner of approaching the spleen, the tar- 
get always being a thicker area of the 
spleen, and a constant precaution to avoid 
spillage E contrast medium into the peri- 
toneal cavity. According to our experience, 


* From the Service of Surgical Semiology and the Radiology Service of the Santa Maria Hospital, Fac 
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this has proved to be only a minor risk, 
except for the pain common to any of such 
procedures. The diagram in Figure 2, Z 
and B shows that, wherever the place of 
the puncture is, no more than 1 or 2 
branches corresponding to the punctured 
compartment are demonstrated on roent- 
genograms. The remaining splenic vessels, 
which converging towards the hilus form 
the trunk of the splenic vein, are not 
visualized on these studies. 


Vic. 1. Contrast material was injected in the splenic 
vein after tying off a vein of the upper pole. (Re- 


produced with permission of Gaz. med. port? and 


I. Celestino da Costa.) 


ulty of Medicine of Lisbon, 
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METHOD 


For the demonstration of most of the 
veins that emerge from the spleen, we de- 
vised a needle sealed at the end and pro- 
vided along one side with several orifices 
at equal distances (Fig. 3). With this 
needle we puncture the spleen through its 
longer axis. At the proximal end of the 
needle, a mark indicates the side on which 
the orifices are located and which must be 
turned towards the splenic hilus. Because 
of its size and shape, the dog's spleen is 
ideal for experimenting with the above de- 
scribed needle. 


RESULTS 
After the animal had been anesthetized, 
the abdominal cavity was opened and 
splenoportography was first performed un- 
der visual control with 10 cc. of urografin 








Fic. 2. (4) Injection into the spleen by the conven- 
tional method of splenoportography. (4) Injection 
with the multi-hole needle. 


Splenoportography 
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Fic. 3. Multi-hole needle (15 cm.—18/10 mm.). 


76 per cent, using a conventional needle 
with a single end opening. The lower pole 
of the spleen was punctured. Visualization 
of a small number of confluent veins lead- 
ing to the splenoportal trunk was ob- 
tained (Fig. 4,7). 

In the same dog, by employing the mul- 
tiple side-orifice needle, introduced axiallv 


trast material, an important upper polar 
branch running confluently towards the 
great splenic drainage trunk was demon- 
strated (Fig. 45; and 6). 

Following large-scale experimentation in 
animals, the same multiple side-orifice 
needle was used 1n humans. 

In the first attempt, to ensure greater 
safety when introducing the needle along 
the splenic axis and to prevent any of the 
terminal orifices from remaining outside of 
the organ, the splenoportography was per- 
formed surgically. Puncture was made with 
a conventional needle and then with the 
multiple side-orifice needle, and only 20 cc. 
of contrast medium was injected in both 
instances. 





e Sousa and Diamantino Lopes 
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Iu. ction into the lower pole of 





Thesplenoportogram made with the con- 








ventional needle (Fig. 5) demonstrated 2 
small vessels leaving the splenic shadow 


and converging retrogradely towards a 
arger vessel, which constituted the trunk 
of the splenic artery. With the multiple 
side-orifice needle (Fig. 6), 3 other ves- 
were visualized, one from the mid. 


| part of the spleen, another from th 














v. 

















lic. g. Splenoportogram after injection of 20 cc. of 
contrast medium into the lower pole of the spleen 


with a conventional needle, 





a dog's spleen using the 
(5) Injection made with the multi-hole needl 


lig, 6, Same 





il method. 





ower pole, and a third one of much smaller 
caliber but forming into a thick vessel, 
which corresponded to the partially. visible 
retrograde vessel on the first spienoport- 
ogram. There was no spillage of contrast 
medium into the peritoneal cavity. 

After having ascertained surgically in 























several patients the innocuousness of the 
injection with the above-described needle, 








| injection in the same patient with 
multi-hole needle following the spleen’s axis. 
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Fic. 7. Splenoportogram with injection into the 
spleen by the conventional method showing 
thrombosis of portal vein. 


we performed it through a transcutaneous 
puncture. In a patient with an enlarged 
spleen, a puncture was made in accordance 
with the conventional technique and then 
another puncture with the multiple side- 
orifice needle introduced into the spleen 


showed 2 veins leaving the splenic shadow 
and a rich collateral circulation due to 
thrombosis of the portal vein. The spleno- 





Fic. 8. Same patient as in Figure 7. Splenoporto- 


gram made 2 seconds after multi-hole needle in- 
jection, 


Splenoportography 
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portogram made 4 seconds after multi-hole needle 
injection. 


orifice needle (Fig. 8) showed in addition to 


the 2 veins previously visualized, 4 more— 3 
leaving the upper pole and converging 
towards a larger vessel. A study made 2 


seconds later (Fig. g) demonstrated a 
much richer collateral circulation. 

In order to determine the dimensions 
and shape of the spleen, so that a proper 
sized needle can be selected and injection 
made into the proper area, laminagraphy 
is performed prior to splenoportography. 


SUMMARY 


A new type of needle for use in spleno- 
portography is described, which is sealed 
at the end and has a number ot lateral holes 
equidistant on one side. Better visualiza- 
tion of the perisplenic circulation and, gen- 
erallv, of the collateral channels 1n cases of 
portal hypertension has been obtained. 
Professor Dr. Ayres de Sousa 


R. Alexandre Herculano, 17, 1.7 D. 
Lisbon, Portugal 
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THRESHOLD VISUAL PERCEPTION AND ITS RELA- 
TIONSHIP TO PHOTON FLUCTUATION 
AND SINE WAVE RESPONSE* 


By RUSSELL H. MORGAN, M.D. 
BALTIMORE, MARYLAND 


je 1948, Rose? of the RCA Laboratories 
in Princeton proposed a statistical hy- 
pothesis to account for the thresholds of 
visual acuity and contrast perception ob- 
served at various levels of scene luminance. 
The following year, Sturm and Morgan! 
extended this theory to the field of fluoros- 
copy to predict the visual characteristics 
of ideal fluoroscopic screen intensification 
systems. 

The hypothesis advanced by Rose is 
based on the fact that light is composed of 
discrete photons whose number in any 
given situation fluctuates randomly about 
some average value in accordance with 
well-known statistical principles. Such fluc- 
tuations arise because of the probabilistic 
nature of photonic processes. For example, 
when light of given intensity is projected 
on an observer’s eye, a definite number of 
photons may be expected to reach and 
stimulate the retina in a given time in- 
terval. However, there is no certainty that 
precisely such a number will actually ar- 
rive. Indeed, if measurements are made, it 
will be found that the number of incident 
photons fluctuates from moment to mo- 
ment and from region to region about some 
average value approaching the expected 
number. The situation is analogous to that 
which prevails when one tosses a coin. Al- 
though the probability of tossing a heads is 
SO per cent, an experiment in which a coin 
is repeatedly tossed 10 times yields a total 
of 5 heads only occasionally; at other 
times, the number fluctuates randomly 
on either side of 5. 

The random fluctuations which char- 
acteristically accompany all photonic pro- 


cesses are superimposed on the regularly 
ordered variations of light intensity which 
constitute optical images. Such fluctua- 
tions, therefore, may be expected to inter- 
fere with the reproduction of these images 
and, in the case of the visual process, make 
their perception more difficult. 

In presenting his hypothesis, Rose in- 
vestigated the perception of a series of 
round dots of graded size and contrast, dis- 
tributed on a field of uniform brightness. 
Such an array was chosen because visual 
images may be regarded as composites of 
large numbers of dot-like areas. Rose 
postulated that a given dot can be per- 
ceived only when the average difference in 
the number of photons reaching and stimu- 
lating the retina from the dot and from an 
equal area of the surrounding field during 
the storage time of the eye exceeds by 
several times the root-mean-square value 
of the statistical fluctuation in the number 
of photons from the dot in a similar time 
period; that is, dot perception may be ex- 
pected to occur only when the dot contrast 
substantially exceeds the randomly. fluctu- 
ating light intensity received from the dot. 

The magnitude of the photon fluctuation 
which occurs at the retina in a particular 
situation is an inverse function of the num- 
ber of photons involved in the visual proc- 
ess. By an analysis which need not be 
repeated here, Rose developed the follow- 
ing formula relating the angular size, a, 
expressed in minutes of arc, and the per 
cent contrast, C, of a dot which may be 
just perceived at a luminance of B foot- 
lamberts: 


C? = §(k?/10) -(1/D*B) -(1/a*) X10. (1) 


* From the Department of Radiological Science, The Johns Hopkins University, Baltimore, Maryland. 


Presented in part at the Second Colloquium on Radiologi 
published by Charles C Thomas, Springfield, DIL, 1965. 
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In this expression, & 1s a proportionality 


factor having a value of approximately 5,/ 


is the storage time of the eye in seconds, 0 
is the so-called quantum efficiency of the 
retina and D is the diameter of the ob- 
server's pupil in inches. 

Equation 1 was modified somewhat by 
Sturm and Morgan for fluoroscopic condi- 
tions as follows: 


Cs (k/d) un0r"* X 10%, (2) 


where z is the number of photons/mm.?/ 
sec. prevailing at that stage of the fluoro- 
scopic process where # reaches its lowest 
level and dis the diameter in mm. of a just 
perceptible dot when viewed at a distance 
of 20 cm. 

Figure 1 illustrates the extent to which 
phvsiologic measurement confirms the Rose 
hypothesis. The broken lines show pre- 
dicted values of threshold contrast plotted 
as a function of angular dot-size for scene 
luminances extending from 10-7* to 10 foot- 
lamberts. These data were obtained when 
the term, £?//0 of equation I, was given a 
value of 1,900. Also in Figure 1, are shown 
visual performance data obtained from 
measurements published by Rose and at- 
tributed to Blackwell.! 

It will be seen that predicted and meas- 
ured values deviate substantially from each 
other at high luminance levels. To explain 
this, Rose suggested that the value of 
2/10 may be governed by scene luminance 
and hence the measured and predicted data 
might be brought into greater conformity 
if the value of £?//8 should systematically 
increase as scene luminance increases. This 
suggestion has received some support re- 
cently from measurements of the temporal 
frequency response of the eve? which indi- 
cate that the eye’s temporal bandwidth 1s 
approximately threefold greater at high 
scene luminance than at low. 

With further reference to Figure 1, 1t will 
be observed that substantial deviation be- 
tween measured and predicted values also 
occurs at both high and low levels of dot 
contrast. This finding is more difficult to 
explain. 
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Fic. 1. Threshold contrast plotted as a function of 
image size, measured in terms of the angle sub. 
tended by the image on the retina, for disk-type 
test objects at levels of screen luminance ranging 
from 107! to 10 foot-lamberts. Broken lines are 
values predicted from equation 1. Solid curves are 
measured performance data, published by Rose 


from Blackwell data. 


The disparity between predicted and 
measured values of visual performance, as 
expected from the Rose theory, is a matter 
of some concern. However, the concept that 
statistical photon fluctuation may be ex- 
pected to interfere with visual performance 
and that the contrast of an image, if it 18 to 
be seen, must exceed this fluctuation by 
some definite factor is quite attractive. In- 
deed, it is of interest to note in Figure 1 the 
extent to which predicted and measured 
values systematically approach each other 
at least for limited ranges of threshold con- 
trast. 

The foregoing raises the question as to 
why the Rose hypothesis fails when it does. 
A partial answer to this question may per- 
haps be found in the visual performance 
data published by Sturm and Morgan" 
and reproduced in Figure 2. These data are 
similar to those presented in Figure 1, ex- 
cept that threshold contrast is plotted 
against dot diameter in millimeters and the 
data are restricted to those observed at 
scene luminances ranging from 107? to 107? 
foot-lamberts. It will be seen that the three 
curves closely resemble one another in form. 
Also, if one replots the data as a function of 


ico bs 


THRESHOLD CONTRAST- % 
o 





OBJECT DIAMETER - mm 


Fic. 2. Threshold contrast plotted as a function of 
image diameter for dot-type test objects viewed 
at a distance o 20 cm. dis A e for a scene 
luminance of 10? fcot-lambert; curve B, 107 
lambert and curve E 1071 eek > pent 


reciprocal dot diameter and with the thres- 
hold contrast scale inverted as shown in 
Figure 3, the resultant curves are similar in 
configuration to the spatial modulation 
transfer functions of optical system photo- 
receptors.? It will be recalled that such 
functions express the relationship between 
the relative response of a photoreceptor, 
when exposed to a sine wave test pattern, 
and the pattern's spatial frequency. This 
observation 1s of some interest because the 
images of dot test patterns, like all images, 
are sine wave composites. Furthermore, 
reciprocal dot diameter is dimensionally 
equivalent to and a closely related function 
of the spatial frequencies which comprise a 
dot's image. Finallv, threshold contrast re- 
flects the retina's response to these fre- 
quencies. Hence, it appears that visual 
perception is inversely related to the modu- 
lation transfer function of the visual system 
and that such a function should play an 
important role in the development of any 
mathematical model representing the sys- 
tem. 

Another reason for the failure of the 
Rose hypothesis may perhaps be found in 
the methods used in the calculation of 
visual fluctuation levels. Photon fluctua- 
tion, when expressed as a per cent of the 
number of photons taking part in the visual 
process, is generally an inverse function of 
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the photon number. Therefore, because the 
number of photons comprising a visual 
image increases as image size becomes 
larger, Rose argued that for a scene of 
given luminance there is less fluctuation 
associated with a large image than with a 
small one. Superficially, this argument 
seems reasonable. However, it fails to take 
into consideration the fact that the eye 
possesses relatively broad frequency re- 
sponse characteristics in both time and 
space which cause it to see and be disturbed 
by fluctuations arising from elemental 
areas of the visual field which may be much 
smaller than the image under observation. 

The problems associated with the calcu- 
lation of visual fluctuation are analogous 
to those encountered in the calculation of 
noise in auditory systems. In the latter 
instance, noise is not a function of the 
pitch of an audible signal but of the sine 
wave response of the system. So too, in the 
visual process, one may expect that the 
analogous photon fluctuation is not gov- 
erned by image size but by the sine wave 
response characteristics of the several com- 
ponents comprising the system. Photon 
fluctuation could be related to image size 
if the components of the visual process 
were capable of restricting their sine wave 
response characteristics to those just 
needed to record the images presently in 
view. However, the eye appears to have no 
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contrast scale inverted and with abscissa indicat- 
ing reciprocal image diameter. 
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such ability. For example, when a noisy 
television picture 1s observed, the scintil- 
lating background seems equally as bother- 
some to the perception of the larger images 
as it does to the smaller ones. It, therefore, 
seems clear that visual fluctuation should 
not be calculated from the size of the image 
ander observation. 

In view of the foregoing discussion, let 
us now turn our attention to the develop- 
ment of a mathematical model which in 
predicting the limits of visual perception 
takes into consideration the sine wave re- 
sponse characteristics of the eye and of 
associated optical components, when pres- 
ent, and which treats random fluctuation 
independently of image size. 


RANDOM FLUCTUATION IN VISUAL SYSTEMS 
A. DEFINITION OF TERMS 


In the discussions which follow, a num- 
ber of terms are used which, for the sake of 
clarity, are defined at the outset. 

Photoreceptor. A surface composed of ele- 
ments capable of reacting to an incident 
energy pattern (photons, electrons, etc.); 
e.g., the retina of the eye, photographic 
film, fluoroscopic screens, photoelectric 
surfaces. 

Statistical unit (s. u.). A quantity counted 
statistically as an independent event in a 
quantized energy state of flux; e.g., pho- 
tons, electrons, atoms, neural impulses or 
aggregates of any one of these acting as a 
unit. 

Statistical transfer ratio, p. The ratio of 
the number of statistical units produced by 
a photoreceptor as an output signal to the 
number of statistical units received by the 
photoreceptor; in the case of the retina, pu 
refers to the number of neural impulses 
produced by the rods or cones per incident 
photon. 

Spatial frequency (vz, vy, or va). The num- 
ber of cycles per unit length of a pattern 
whose quantized energy flux density oscil- 
lates in one of the dimensions of space. 

Temporal frequency (vj). The number. of 
cycles per unit of time of a pattern wlíose 
quantized energy flux density oscillates as 
a function of time. 
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Passband. The range of frequencies trans- 
mitted by or reacting with an element of an 
optical system; ¢.g., an eye which responds 
to spatial frequencies between », and n 
cycle/mm. exhibits a passband of »,—». 

Modulation transfer function or sine wave 
response function, /fi(v). A relationship 
which expresses the normalized response of 
a photoreceptor, when exposed to a sine 
wave test pattern, as a function of the 
spatial or temporal frequency of the pat- 
tern. 

Contrast (C). The ratio of the root-mean- 
square value of the oscillating component 
of a pattern's energy flux density to the 
pattern's average energy flux density. In 
the case of a uniformly illuminated test 
object whose pattern varies sinusoidally in 
a single spatial dimension, object contrast, 
Ce, 18 equal to 0.7 (B1 — B;) /(Bi-- B3), where 
B, and B, are maximum and minimum 
test-object luminances respectively. 

Threshold contrast (Cr). The minimum 
perceptible contrast level. 

Fluctuation contrast (Cy). The ratio of 
the root-mean-square value of the ran- 
domly fluctuating component of a pattern’s 
energy flux density to the pattern’s average 
flux density. — | 

Noise. A synonym for fluctuation. 


B, FLUCTUATION IN SINGLE 
PHOTORECEPTOR SYSTEMS 


To determine the magnitude of the ran- 
dom fluctuation prevailing in a visual sys- 
tem, consider first a uniformly illuminated 
surface, x — v, composed of a large number 
of photoreceptive elements, which receives 
n photons in an incremental area, Ax, Ay, 
during a time interval, Ar (see Fig. 4). 
Because of the discontinuous nature of 
light, these photons may be expected to 
fluctuate about some average value, N, 
when sample measurements are made 
from time to time at various locations 
within the x— y plane; that is, 


(n) = N, (3) 

where the brackets signify an average over 

an equilibrium ensemble. | 
The mean-square value of the fluctuation 
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may be shown statistically to be 
((2 — N)*) = (dn?) = N. (4) 


Now, if # is the average number of pho- 
tons/mm.?/sec. received by the x— y plane, 
then 


(dn?) = nAx-Ay-At. (5) 


From the definition of fluctuation con- 
trast given heretofore, equation 5 indicates 


Cy? = [ff ecw z of | 4602 [vera f | AH) [hoa f | A (v) |280: 


that 


(dn?) I 
(desuper uec: MI 

(8-Ax-Ay-AD* — S-Ax-Ay- At 
For equation 6 to be useful in the cal- 
culation of fluctuation contrast, the photo- 
receptor surface must have sharply defined 
limits of resolution in both the space and 
time domains; 7.e., the surface must have 
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characteristics such that an element, 
Ax Ay: At, is resolved with perfect clarity, 
whereas a just smaller element is not re- 
corded at all. However, as is well known, 
optical systems do not exhibit these proper- 
ties. Instead, their response to a series of 
progressively smaller elements shows grad- 
ual deterioration in accordance with their 
frequency response characteristics. Hence, 
a more satisfactory expression for fluctua- 
tion contrast must be sought. 

Now optical systems are characteristi- 
cally ergodic; that 1s, the fluctuation asso- 
ciated with an incremental element, 
Ax-Ay- At, is the same whether one samples 
in the x-, y-, or Haxis or in any combination 
of the three. Therefore, by Fourier analysis, 
each of the elementaldimensions in equation 
6 may be replaced by an appropriate par- 
tial integral as follows: 


I/Ax — 2 Í | At (va) |3v, (7a) 
iAy =a f (Aol (7b) 
1/Af = 2 Í | Atv [38v (7c) 


where Ava, Al) and Æl) are the 
modulation transfer functions of the photo- 
receptor in the x-, y-, and ¢#dimensions 
respectively. Consequently, 


(8) 


n 


The partial integrals of equations 7a— 
7c and of equation 8 represent sharply 
defined passbands, spatial and temporal, 
equivalent from the standpoint of noise 
generation to the broader and less sharply 
defined passbands to which the photo- 
receptor 1s responsive. For this reason, these 
integrals are often referred to as noise- 
equivalent-passbands and denoted respec- 


tively by the symbols, v, vey Yer Hence, 
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(8a) 


Many photoreceptors are isotropic in the 
x- and y-dimensions. Under these circum- 
stances, »,,—»,, and equation 8a may be 
simplified to | 


CN = We (2942/8) *. (8b) 


If the surface illustrated in Figure 4 is the 
retina of the eye, the observed fluctuation 
contrast is somewhat greater than that 
indicated by equation 8b because only ap, 
of the incident photons produce neural im- 
pulsés; hence, the retinal fluctuation con- 
trast, Cy,, is given by the equation 


Cyr = Weer? (Wete/ fig.) 3, (8c) 


where the subscripts, r, indicate that the 
noise-equivalent-passbands are specifically 
those of the retina. 

It 1s usually convenient to express the 
illumination on the retina in terms of scene 
luminance instead of #. If a value of 
I.4X10! photon/mm.?/sec. is taken as 
equivalent to a luminance of 1 foot-lambert 
and a value of 17 mm. as the distance be- 
tween the second nodal point of the eye 
lens and the retina, it may be shown by 
fundamental optical principles that 


8 = 1.2X108- BD'?T, (9) 


where B is scene luminance in foot-lam- 
berts, D is the diameter of the pupil in mm. 
and T is the transmittance of the eye. 
When equation 9 is substituted in equation 
8c 
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Cy, = 2.6 Ves (e / Bu DPT) OX I0-*. (10) 

Schade! has investigated the spatial 
noise-equivalent-passband, v.s of the retina 
at various levels of scene luminance and 
values of this parameter, taken from his 
work, are listed in column 4 of Table x. It 
perhaps should be pointed out that the 
passband of the retina normally extends 
downward to a frequency of o cycles/mm. 
However, the brain by certain feedback 
mechanisms suppresses retinal signals hav- 
ing frequencies: below a few cycles/mm. 
Hence, the effective values of v.r are 
slightly less (a few per cent) than those 
tabulated. 

The amplitude sensitivity of the eye, 
measured with sinusoidal time-dependent 
stimuli has recently been studied by Kelly. 
From these data, the eye’s temporal noise- 
equivalent-passband, ver may be readily 
calculated if one assumes that the eye’s 
temporal modulation transfer function is 
directly related to its temporal amplitude 
sensitivity. Values of va, calculated on this 
assumption, are listed in column 5 of Table 
I. 

The statistical transfer ratio, u,, of the 
retina is a function of (a) the fractional light 
absorption of the rods and cones and (b) 
the number of neural impulses generated 
per absorbed photon. These factors have 
been studied extensively by a number of 
workers and it is now generally believed 
that the photon-impulse conversion effi- 
ciency of the rods is close to unity.!?-A sim- 
ilar efficiency is probably also exhibited by 


Tase I 
EVALUATION OF RETINAL FLUCTUATION CONTRAST, Cy, 


Scene Pupil A 

Luminance Diameter photons/ 
(foot-lamberts) (mm.) mm.?/sec. 
300 26 3.9X 101? 

20 3.4 4.9X10? 

I 40 3.8X 10° 

1971 a £.4X10! 

10 1 5.7 6.8X108 

IQ 6.3 &.4X 105 

1074 6.7 Gg. 5X 108 


Vezr Vetr C 
cy./mm. cy./sec. eT 
9o 22 6.1 X103 
66 19.5 l.I$X1IO 
40 14.5 2.9 JXIO'* 
25 9.25 2.9 X107 
16 8.0 ^ . 4.9 XI? 
II 7.5 9.4 X10 
9 "68 2.3. X10 * 
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the cones.!? The fractional absorption of the 
rods seems to be near 0.35 when the retina 
is illuminated with white light. A somewhat 
higher value may be applicable to the cones. 

The transmittance of the eye’s ocular 
media has been studied by Ludvigh and 
McCarthy* and has been shown to have a 
value close to o.5 through most of the spec- 
trum above a wavelength of 440 milli- 
microns. When such a value is substituted 
in equation Io together with a value of 0.35 
for u the fluctuation contrast of the retina, 
C y,, may be readily determined (see column 
6, Table 1). 

It will be observed that for a range of 
scene luminance extending from 10-* to 
3X10? foot-lambert, Cy, varies only by a 
factor of about 40:1. This remarkable per- 
formance is achieved by the combination 
of a pupil whose area is capable of changing 
by almost a factor of Io and by the in- 
clusion in the retina of two types of photo- 
receptive elements, the rods and cones, 
which exhibit widely different sine wave 
response characteristics in the time and 
space domains. 


C. FLUCTUATION IN VISUAL SYSTEMS WITH 
MULTIPLE PHOTORECEPTORS 

Many visual systems include one or 
more photoreceptors in addition to the ob- 
server's retina. For example, in x-ray 
fluoroscopy, one may count as many as 7 
such surfaces in a system which incorpo- 
rates an image amplifier and associated 
television apparatus. 


CN. "ET 


Because the response of a photoreceptor 
is probabilistic, fluctuation is generated by 
each photoreceptor stage. It may be shown 
statistically that the total fluctuation con- 
trast, Cyr, of a visual system is related to 
the fluctuation contrast due to each of the 
system's individual photoreceptors by the 
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equation 
Cur! = Cu! + Cn + c + Cre! 
qe s Cw, 


where the subscripts refer to the 1st, 2nd,— 
nth—and retinal photoreceptors respec- 
tively. 

In general, the fluctuation contrast, ap- 
pearing at the retina as a consequence of 
any given photoreceptor, may be derived 
by methods similar to those used in the 
derivation of the fluctuation ‘contrast 
generated within the retina, itself; that is, 
from a determination of the number of 
statistical units transmitted per unit area, 
per unit time by the photoreceptor and 
from an evaluation of appropriate spatial 
and temporal noise-equivalent-passbands. 
It should be pointed out, however, that the 
passbands which are characteristically those 
of the photoreceptor, may not necessarily 
be those which should be employed in these 
calculations. The reason for this is that the 
modulation transfer functions of succeeding 
photoreceptors may restrict system per- 
formance below that expected from the 
characteristics of the given photoreceptor 
alone and thereby may diminish fluctua- 
tion contrast values. Hence, one must use 
composite transfer functions and noise- 
equivalent-passbands which reflect the 
combined characteristics of all photo- 
receptors included between the given 
photoreceptor and the retina; that is, the 
fluctuation contrast, Cw», due to the nth 
photoreceptor of an isotropic system 1s 


(x1) 


(12) 


= 2 Veron’ (2M eton/ An) 1/3, 


where the subscript, c, denotes that the 
several transfer functions and noise-equiva- 
lent-passbands are composite functions and 
passbands. 

Schade has shown that, to a close ap- 
proximation, the composite spatial noise- 
equivalent-passband of a photoreceptor 
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Tase II 
FLUCTUATION CONTRAST IN X-RAY FLUOROSCOPY 
Single Image Image Image 
System Screen Amplifier Amplifier Amplifier 
Exposure rate (r/sec.) 3.5X1c^* 3.5 X10 * 3.5 X19 3.5 X10 
Screen absorption O.5 0.25 0.25 0.25 
Absorbed x-ray exposure rate 
(photons/mm?/sec.) 3.5108 lin 75010" 1.75 X 104 L975 X 10! 
Luminance (foot-lamberts) 197? 3 3 3 
Viewing distance (cm.) 20 50 100 200 
Magnification (retina/screen) 8.5X 107? 3.4 X10? 1.9 XIOS 8.5 X10? 
Veen (Cy./ mm.) o.82 o.6 0.6 0.6 
Ves(r-L) (cy./mm.) 6 23 23 23 
Vari L)-M (cy./mm.) O.51 0.78 0.39 0.19 
Peon (Cy./mm.) O.45 0.48 0.32 0.18 
Pets (Cy. /sec.) 300 130 130 130 
Peir (cy./sec.) Tak 16.5 16.5 16.5 
Faten (CY. / sec.) "us 16.5 16.5 16.5 
Na 1.85X 107? 4.2X107 2.9X 107 I.5X10? 
CN; 9.4X107 I.9X10 1.9X10 ? I.9X10 ? 


may be calculated from the equation 


—2 —2 | 
Veron = Vern Cl (Vez (54-1) M (n+1)/ 
+ » > © (Veer * M7), 


where the terms in M represent the mag- 
nification present between the nth photo- 
receptor and the photoreceptor indicated 
by the subscript associated with M; these 
terms are, of course, necessary to bring all 
of the spatial frequency values to a com- 
mon standard of reference. The formula 
corresponding to equation 13 in the time 
domain 1s 


(13) 


aa = a -+ an + i "s (13a) 

It will be evident from equation 11 that 
the total. fluctuation contrast of a visual 
system is largely determined by that 
photoreceptor which introduces the great- 
est individual fluctuation contrast. Equa- 
tions 12, 13 and 13a therefore provide the 
means whereby Cyr may be readily cal. 
culated, even for very complex visual 
systems. 


D, FLUCTUATION CONTRAST IN X-RAY SYSTEMS 


It has been mentioned previously that 
x-ray fluoroscopic systems characteristi- 
cally include several photoreceptors. Re- 


gardless of system complexity, maximal 
fluctuation contrast frequently arises either 
within the x-ray fluorescent screen or 
within the observer's retina. It, therefore, 
may be of some interest to calculate the 
values of fluctuation contrast associated 
with the screen of a typical fluoroscope and 
to compare them with appropriate values 
of Cy,. Four examples of such calculations 
are shown in Table rr. 

The first example applies to a simple 
fluoroscope equipped with a conventional 
viewing screen and observed from a dis- 
tance of 20 cm.; the remaining three are for 
a fluoroscopic installation equipped with a 
directly viewed image amplifier, having an 
intensification of 3X 105, and observed at 
effective distances of 50, 100 and 200 cm. 
By the term "effective distance" is meant 
a distance such that the angle subtended 
by the amplifier’s viewing screen to the eye 
is identical to that which would occur if the 
amplifier included no magnification. 

In the several examples cited, an x-ray 
exposure rate of 3.5 X 10 r/sec. is used; 
this rate is typical of conventional prac- 
tice. The numbers of absorbed x-ray pho- 
tons/mm.*/sec. corresponding to this rate 
were calculated from the absorption char- 
acteristics of the two x-ray photoreceptors 
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and from appropriate tables equating ex- 
posure rates and x-ray photon flux den- 
sities.’ 

Values of the spatial and temporal noise- 
equivalent-passbands (v, and vein) listed 
for screen and image amplifier were derived 
from modulation transfer data recently ac- 
quired in this laboratory. Corresponding 
values for the eye, including the lens as well 
as the retina, are from Schade (spatial pass- 
bands) and from calculations made from 
data published by Kelly (temporal pass- 
bands); these data are listed in Table mı. 
Values of retinal fluctuation contrast, Cy,, 
are from Table 1. 

The fluctuation contrasts of the x-ray 
fluorescent screen and retina, listed at the 
bottom of Table 1, are noteworthy from 
several points of view. It will be observed 
that in conventional fluoroscopy, the fluc- 
tuation contrast of the retina is substan- 
tially greater than the fluctuation contrast 
of the screen. Indeed, the latter is so small 
that it may be predicted that an observer 
should be unable to perceive the screen’s 
scintillation pattern. When the eye is aided 
by an image amplifier, however, the situa- 
tion is quite different. Here, at a ṣo cm. 
viewing distance, Cy, is substantially 
greater than retinal fluctuation contrast, 
and hence the screen’s scintillation pattern 
should be readily apparent. As the viewing 
distance is increased, Cy, diminishes with 
an expected reduction in perceptible scin- 
tillation. Finally, at long viewing distances, 
Cy, becomes smaller than Cy, and scintil- 
lation patterns should no longer be visible. 
As is well known to all users of fluoroscopic 
equipment, these predictions are faithfully 
borne out in practice. 


CONTRAST SENSITIVITY OF 
VISUAL SYSTEMS 


It has been pointed out earlier in this 
paper that an image projected upon the 
retina may be expected to be seen only 
when its contrast, C,, is equal to or exceeds 
some multiple of the fluctuation contrast; 
that is, 


C, > kCyr, (14) 
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Tage III 


NOISE-EQUIVALENT-PASSBANDS OF RETINA, 
INCLUDING COMPOSITE OF RETINA AND 
EYE LENS (FROM SCHADE!? AND KELLY) 





Scene 
Luminance Vesr Festr+ 1) Te 

(foot am berts) cy./mm.  cy./mm.  cy./sec. 
1o! 95 35 23 
IO! 80 31 21 
tot 63 27 18.5 
10? 40 18 14.5 
loc 25 14 9.25 
ro? 16 9 8.0 
15» II 6 2.5 
1o * 9 4.5 7-5 


where & is a constant, the so-called thres- 
hold signal-to-noise contrast ratio. 

When the scene under observation is a 
test object bearing a sinusoidal pattern in 
the space domain, the relationship between 
retinal contrast and test object contrast is 


C, = |Ate(vs) | - Co, (15) 


where /ff.(v,) is the composite spatial 
modulation transfer function of the com- 
plete visual system. As before, the term, 
“composite” spatial modulation transfer 
function, means the product of the func- 
tions of the several elements of the visual 
system, including the retina and lens of the 
eye and any other system components 
which may limit system response. This 
product, again, may be computed only 
after all frequency values have been 
brought to a common standard of reference 
to adjust for any magnification present in 
the system. In this connection it is usually 
most convenient to use the frequency of the 
test object or of the image appearing at the 
retinal surface as the standard of reference. 

When equations 14 and 15 are combined, 
visual performance expressed in terms of 
threshold test object contrast, Cro is given 
by the formula 


Cro = kCyr/ | ffs.) | . (16) 


As previously indicated Cyr is usually equal 
to Cy,. Hence, from equation (12), when 


Vor. 93, No. 4 


sinusoidal test objects are observed in 
isotropic systems, the conditions for thres- 
hold visual perception may be expressed 
quantitatively by the formula 


Cre = [2kvezon/ | AF. (ve) | J: [2veton/ fi. | /'*. (17) 


Equations 16 and 17 constitute a mathe- 
matical model with which the threshold 
contrast of sinusoidal test objects may be 
predicted in complex as well as in simple 
visual systems. These equations, as is evi- 
dent from their derivation, may also be 
used to predict the threshold preception of 
other types of test object if the modulation 
transfer function, |//5,(».) |, for sinusoidal 
patterns is replaced by an appropriate 
transfer function which gives the composite 
response of the visual system in terms of 
the spatial characteristics of the test object 
in question. 

The value of & in equations 16 and 17 
may be determined from measurements of 
threshold test object contrast made under 
conditions where Cyr — Cx, and |4*,,(v,) | 
— 1.0; that is, where threshold contrast is 
governed entirely by the retina and where 
the sine wave contrast sensitivity of the 
eye is maximal. Under these circumstances, 
k is simply equal to Cr./Cy,. 

At the present time, only limited data 
on the eye's sine wave contrast sensitivity 
have been published. However, where 
such data are not available, the needed 
values of Cz, may be obtained from thes- 
hold contrast measurements made with 
dot test-patterns if one assumes that the 
minimum values of threshold contrast 
(ie. maximum values of contrast sensi- 
tivity), obtained with these patterns, are 
similar to those obtained with sinusoidal 
test objects. In cases where corresponding 
data are available,* this assumption ap- 
pears to be generally valid 1f contrast values 
are expressed in accordance with the defini- 
tions given earlier in this paper. 

Column 2 of Table tv lists threshold test 
object contrast values for several levels of 
scene luminance, obtained from contrast 
sensitivity measurements reported by De- 
Palma and Lowry,‘ Blackwell, and Sturm 
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lanis IV 


EVALUATION OF THRESHOLD SIGNAL-TO-NOISE 
CONTRAST RATIO, & 


Scene 


Tainan Threshold Fluctuation 
Contrast Contrast, k 
(foot- : C 
lamberts) Cr Ng 

300 I.1X10* 6.1 X10? 0.19 
20 1.4X1o%  I.15X10? 0.12 
I a0 10" 2.2X 10? 0.16 
to? 4.5X10 ? 2.9X 107? O.I$ 
10 3 6.5X10 ? 4.9X10 °? 0.13 
Io ? Lia IO. * O:4 x10 7 O.15 
IO 4 3.0X 10? 2.3X101 0.13 


and Morgan." Column 3 lists correspond- 
ing values of Cx, taken from Table 1. 
Values of & are tabulated in column 4. It 
will be observed that & is unusually con- 
stant over the broad range of scene lumi- 
nance studied. One should perhaps expect 
this since the computational processes per- 
formed by the brain on the retinal signals 
are not likely to be different at one scene 
luminance from another. However, the 
constancy of k as shown in Table iv is 
noteworthy. 

Another characteristic of k is its very 
small size. This parameter has a value of 
the order of 5 when calculated in accord- 
ance with the Rose hypothesis. The smaller 
values reported here are due to several 
factors. First, fundamental differences in 
the derivations of equations 1 and 17 are 
partially responsible. Second, the definition 
of contrast employed in this paper yields 
contrast values approximately one-half 
those obtained from the definition used by 
Rose. Hence, previously published data on 
k must be multiplied by a factor of 0.5 to 
make them comparable to the data shown 
in Table rv. Finally, Rose in making his 
calculations of visual performance as- 
sumed a storage time for the eye of 0.2 
seconds. This implies that the eye’s tem- 
poral noise-equivalent-passband is of the 
order of 2.5 cycles/second. In this paper, 
however, values of 7.5 to 23 cycles/second, 
based on recent work by Kelly, were used. 
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This causes an additional 2- to 3-fold re- 
duction in &-values. Parenthetically, there 
is no intention here to imply that the Kelly 
data are correct and previously held values 
of the eye's storage time are not. Although 
Kelly's work was performed painstakingly 
with modern techniques and hence seems 
reliable, the purpose of this discussion is 
only to indicate the reasons why the values 
of kin Table rv are relatively small. It will 
be apparent that the second and third 
reasons just cited are merely technical and 
although their influence 1s substantial, they 
do not reflect conceptual differences be- 
tween the Rose hypothesis and that pre- 
sented in this paper. 

Coltman and Anderson! have recently 
published the results of a series of experi- 
ments from which the value of k may be 
estimated under conditions where the 
transmittance of the eye and the statistical 
transfer ratio of the retina are not involved 
in the calculation. This is of particular 
interest because the investigation provides 
an independent check on the values listed 
in Table rv. 

In these experiments, threshold contrast 
was measured from a series of sinusoidal 
test patterns, presented on the face of a 
television monitor. The television system 
included sinusoidal and noise generators 
with appropriate controls by which the two 
signal levels could be varied to provide 
threshold conditions. At all times, how- 
ever, the noise signals were maintained at 
a sufficiently high level so that scintillation 
appearing on the television monitor over- 
rode fluctuation generated at the retina. 

Observations were made through a broad 
range of viewing distance and test pattern 
frequency. At each viewing distance, the 
pattern frequency was adjusted to that 
level at which perception occurred with a 
minimum signal-to-noise ratio. S/N meas- 
urements were made in terms of the signal- 
to-noise current ratio prevailing in the 
television system. They may be converted 
to values of k by the following expression 
(see appendix 1): 
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TEN Uu In) - (Halosta Ns 
i Vero’ (A : Vere) 1/3 


, (18) 


where 7,/1, is the measured signal-to-noise ' 
current ratio, ga and yp, are the horizontal 
and vertical sweep efficiencies of the tele- 
vision monitor respectively, vsta is the tele- 
vision amplifier's temporal noise-equiva- 
lent-passband, v, and vers are the system's 
composite spatial and temporal noise- 
equivalent-passbands, respectively, and 4 
is the area of the monitor's viewing sur- 
face. 

Coltman and Anderson? carried out their 
measurements with a television monitor II 
inches wide and exhibiting an average 
luminance of 40 foot-lamberts. At such a 
luminance, DePalma and Lowry* have 
shown that maximal contrast sensitivity 
occurs at a spatial frequency of about 13 
cy./mm. when the viewing distance is 56 
inches. With such a viewing distance, a 
field, 11 inches wide, projects a 3.4 mm. 
image on the retina. Hence, maximal con- 
trast sensitivity occurs when the field in- 
cludes 3.4X13-44 cycles. Under these 
circumstances, Coltman and Anderson ob- 
tained a value of 0.037 for J,/J,. 

In Table v are listed pertinent data, 
needed for the calculation of k from the 
Coltman-Anderson experiments. The terms, 
Vesa aNd Ve refer to the spatial noise- 
equivalent-passbands of the television am- 
plifer and kinescope beams respectively. 
The first was calculated from the formula 


(19) 


where v, is the horizontal sweep frequency 
of the monitor and w is the width of the 
monitor's viewing surface. ves was calcu- 
lated from the formula 


Vers = Veta’ U/ VA * W, 


(20) 


where Lis the cross-section of the kinescope 
beam and x is a proportionality constant. 
For a beam having the characteristics of a 
perfect aperture, x has a value approach- 
ing o.5. Itis unlikely to have a value greater 


Veh = K/L, 
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than 0.3 for beams of commercial kine- 
scopes, however. 

It will be observed from Table v, that 
the threshold signal-to-noise contrast ratio, 
k, determined from  Coltman-Anderson 
data, has a value of o.11. Although some- 
what lower than the values listed in Table 
Iv, it must be regarded as being in good 
agreement with them particularly in view 
of the many sources of data from which 
the calculations in Table 1v were made. 


DISCUSSION 


The hypothesis developed in preceding 
sections of this paper and expressed in 
equations 16 and 17 postulates that thresh- 
old visual perception is governed by (1) 
the prevailing fluctuation contrast and (2) 
the visual system's response to the spatial 
frequencies included within the patterns 
under observation. It further proposes that 
fluctuation contrast is determined by the 
system's sine wave response characteris- 
tics, both spatial and temporal, and the 
number of statistical units (photons, elec- 
trons, neural impulses, etc.) taking part in 
each of the system's several stages. It sug- 
gests that the size and shape of an image 
affect threshold perception by virtue of 
their control of the image's spatial fre- 
quencies; it is noteworthy, however, that 
image size is not expected to exert an in- 
fluence on fluctuation contrast. 

It perhaps is of some interest to examine 
the similarities and differences of this 
hypothesis and that proposed by Rose 
(equations 1 and 2). First, it will be ob- 
served that both hypotheses indicate that 
threshold contrast may be reduced, and 
hence visual perception improved, by an 
increase in the quantized energy flux den- 
sity (e.g., scene luminance, x-ray intensity, 
etc.) delivered to the one or more photo- 
receptors of the visual system. Second, the 
term representing the storage time of the 
eye in the Rose formulae is replaced by a 
term depicting the system's temporal 
noise-equivalent-passband in equation 17. 
Finally, and of great importance, the term 
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TABLE V 


EVALUATION OF k FROM COLTMAN-ANDERSON DATA. 


Monitor Luminance : 40 foot-lamberts 


Monitor Width (w) 2.8X 10! mm. 
Monitor Áspect Ratio 4:3 
Monitor Viewing Área (,f) 6X 10! mm. 
Monitor Beam Cross- 

Section (L) 0.42 mm. 
Amplifier Bandpass (veta) 5X IO! cy./sec. 


Horizontal Sweep 


Frequency (%) 
Horizontal Sweep 


1.§75 X10! cy./sec. 


Efficiency (pa) 0.85 
Vertical Sweep 

Efficiency (u,) 0.95 
Viewing Distance 1.3X 10? mm. 
Magnification (retina/ 

screen) 13X07? 
Ves(r+L) 30 cy./mm. 
Vestr L) M 0.4 Cy./mm. 
View 0.95 cy./mm. 
Verb 0.70 cy./mm. 
Pesci 0.32 cy./mm. 
Vete 20 cy./sec. 
"AP 0.037 
k O.II 


representing the dimensions of the image 
under observation in equations 1 and 2 is 
replaced by two terms in equation 17: (a) 
one denoting the composite spatial noise- 
equivalent-passband of the system and (b) 
one representing the system's composite 
modulation transfer function. It is the use 
of these latter terms that causes predicted 
values of visual performance to conform 
closely to measured values over a broad 
range of scene luminance, test object con- 
trast and pattern frequency. 

Equation 17 may be expected to be use- 
ful in the evaluation of many complex 
visual systems including those encountered 
in x-ray fluoroscopy and radiography. For 
example, curve A in Figure 5 illustrates the 
predicted relationships prevailing between 
threshold contrast and test object fre- 
quency for conventional fluoroscopy when 
the screen has a luminance of 107 foot- 
lambert (abdominal fluoroscopy) and is ob- 
served at a distance of 20 cm. ! 

Also shown in Figure 5 are the threshold 
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THRESHOLD CONTRAST - % 





-l 3 | 3 
TEST OBJECT FREQUENCY - Cycles/mm. 


Fra. §. Predicted values of threshold contrast pre- 
vailing during x-ray fluoroscopy when a conven- 
tional fluoroscopic screen is observed at a distance 
of 20 cm. (curve A); and a typical image amplifier, 
having a gain of 3,000X, is observed at effective 
viewing distances of ṣo cm. (curve B) and 100 cm. 
(curve C). Data are for conditions where x-ray 
Screen receives an exposure rate of 3.5 X 10^* r/sec. 


contrast levels to be expected when the eye 
is aided by a typical image amplifier hav- 
ing an intensification factor of 3,000 times 
and used at effective viewing distances of 
50 cm. (curve B) and 100 cm. (curve C). 
Values of the composite noise-equivalent- 
passbands employed in their calculation are 
from data shown in Table rr. The compos- 
ite spatial modulation transfer functions 
were calculated from data for the eye, 
published by Schade and from data meas- 
ured in this laboratory for the fluoroscopic 
screen and image intensifier. For all curves 
an exposure rate of 3.5 X10-* r/sec. has 
been assumed. 

It will be observed that at short viewing 
distances, the amplifier may be expected to 
provide a substantial advantage over the 
conventional fluoroscopic screen at all 
spatial frequencies. As viewing distance in- 
creases, however, the advantage should 
narrow substantially, particularly at high 
spatial frequency values. 
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Figure 6 predicts the performance of 
several types of image amplifier viewed 
under conditions in which the composite 
spatial modulation transfer function of the 
fluoroscopic system 1s limited by the image 
amplifier itself. Curve A, section 1, repre- 
sents the visual performance to be expected 
from a typical image amplifier operated at 
an exposure rate of 3.5 X 10* r/sec. Curve 
B shows the threshold performance that 
would prevail if the image amplifier's pass- 
band in the space domain were increased 
by a factor of 2. It will be of some interest 
to note that, at low spatial frequencies, the 
level of threshold contrast is higher (;.e., 
performance is poorer) for the image 
amplifier having the improved resolution. 
This, however, is to be expected because 
greater resolution 1s always accompanied 
by an increase in the width of the system's 
noise-equivalent-passband. It should be 
pointed out that this loss in performance at 
low spatial frequencies is more than offset 
by an improved performance at higher fre- 
quencies (z.e., in the region of fine detail). 

The problem of increased contrast fluc- 
tuation occurring 1n image amplifiers with 
improved resolution may be circumvented 
by an increase in the exposure rate applied 
to the amplifier. This effect 1s shown in sec- 
tion 2 of Figure 6, where the two amplifiers 
are examined under conditions where the 
exposure rate applied to the improved unit 
is 4 times greater than that used with the 
conventional amplifier. Under these condi- 
tions, the fluctuation contrasts of both 
amplifier systems are identical and an im- 
proved visual performance may be expected 
from the better amplifier at all frequency 
levels. 

As indicated in equation 12, fluctuation 
contrast may be decreased by a diminution 
in the temporal frequency response of the 
system. Curve B, section 3, illustrates the 
threshold contrast performance to be ex- 
pected from an image amplifier whose 
temporal noise-equivalent-passband is one 
quarter of that exhibited by the eye. Curve 
A again represents the performance of a 
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Fro, 6. Predicted values of threshold contrast plotted against test object frequency obtained with several 
types of image amplifier under conditions where the composite spatial modulation transfer function of the 
visual system is governed entirely by image amplifier characteristics. Curve A, all sections: typical image 
amplifier. Curve B, section 1: large screen amplifier whose spatial passband is 2X that of typical amplifier. 
Curve B, section 2: same as curve B, section 1, except that exposure rate is increased 4X. Curve B, section 3: 
amplifier whose temporal passband is 0.25 that of the retina. Unless otherwise specified, all data are for 


exposure rate of 3.5 10 * r/sec. 


typical amplifier. It will be seen that visual 
performance is improved at all spatial fre- 
quencies. Of course, the benefits gained 
from a curtailed temporal frequency re- 
sponse are achieved only at the expense of 
blurring of moving structures. Often, such 
blurring cannot be tolerated. 

The data presented in Figures 5 and 6 
have been generally known to most radiolo- 
gists in a qualitative sense for some time. 
For example, one frequently finds that the 
performance of an image amplifier may be 
quite disappointing when compared to 
that of conventional fluoroscopy if the 
viewing distances employed with the image 
amplifier are excessive. Also, when an im- 
age amplifier of improved resolution is com- 
pared to a more conventional type, the 
benefits of this resolution are not fully 
achieved unless there is a corresponding in- 
crease in the exposure rate applied to the 
amplifier. Finally, it is well known that the 
visual performance obtained with an ampli- 
fier system whose temporal frequency re- 
sponse is limited (e.g., by the use of a 
vidicon television system) may appear to 
be superior to that of a system in which 
the temporal response is not curtailed. 
However, this improvement prevails only 
for stationary images. When structural mo- 


tion is present, visual performance dete- 
riorates rapidly with increasing rates of 
movement. 

Equation 17 has extensive application in 
the solution of many problems associated 
with the prediction of the performance of 
visual systems. Its only major limitation 
currently is the absence of frequency re- 
sponse data on many of the elements com- 
prising today’s complex systems. In the 
field of radiology, considerable effort is 
being made in a number of laboratories to 
gain the needed information on films, 
screens, image amplifiers, television sys- 
tems and cinefluorographic apparatus. As 
these data become available, rather full 
evaluation, both on a comparative and ab- 
solute basis, should be possible for an in- 
creasing number of fluoroscopic and radio- 
graphic designs by means of the relation- 
ships developed in this paper. 


SUMMARY 


A new model to predict the performance 
of complex visual systems, including those 
of radiography and fluoroscopy, has been 
developed. It takes into consideration a 
number of important characteristics of the 
visual process not treated in previous 
models. Several examples of the model’s 
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use in the evaluation of the performance of 
fluoroscopic systems are given. 
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APPENDIX I 
CALCULATION OF THRESHOLD SIGNAL-TO-NOISE CON- 
TRAST RATIO FROM COLTMAN-ANDERSON DATA 
The noise current of the Coltman- 
Anderson television system was produced 
by a saturated diode operating into a 
broadband a.c. amplifier. At the diode, 
this current, i,, may be shown by classic 
statistical theory to be 


(1.1) 


where # is the average diode current, e is 
the charge on the electron and vec is the 
temporal noise-equivalent-passband of the 
amplifier. If the a.c. gain of the amplifier 
is £a, the noise current, Ja, appearing at the 
amplifier output and impressed on the sys- 
tem's monitor is 


fa = (2 €1¥ ta) Us 


EEE 


(1.2) 


When both sides of equation 1.2 are 
divided by the d.c. monitor current, J, 
measured in terms of its value above that 
needed for monitor cutoff, and when terms 
are rearranged 

ds (2 Veta 1/2 


— 


I Tieg 


Now the ratio, 7/1, is effectively the ampli- 
fier’s d.c. gain, ga. Also the ratio, i/e, is 
equal to the number of electrons/sec., s, 
flowing through the diode. Hence 


P (2 Veta) Ht 
v 04 
Io [meg 
An inspection of the term, z.g4?/g4?, re- 
veals that it represents the number of 
statistical units per second impressed as a 
signal on the monitor. Therefore, if # js the 
number of statistical units/mm.?/sec. im- 
pressed on the monitor, 


(1.3) 
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where 4 is the viewing area of the monitor, 
and ua and u, are the fractions of the hori- 
zontal and vertical scanning times, respec- 
tively, during which the beam is in the so- 
called "on" state. Therefore, when egua- 
tions 1.4 and 1.5 are solved for s, 


2 HA * [os * Veta 
QI). 4 


Equation 1.6 may be substituted directly in 
equation Io of the main text to obtain the 
values of the system's fluctuation contrast; 
that is, | 


Cys = 2 Veses * (J n] 1) - CA - vetes/ MaltsVeta) 2. (1.7) 


Now the contrast, Ce produced on the 
television monitor by the sinusoidal signal 
current, J,, is by definition 


ñ = 


(1.6) 


Co = JM. (1.8) 


Therefore, 


IJ Tn) (lh be Veta) Y? 
Pus 7 ) ua He Veta) 


2 Vesct (A Vato) !? 


(1.9) 


where vess and vao are the composite spa- 
tial and temporal noise-equivalent-pass- 
bands of the visual system, respectively. 
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ACADEMIC RADIOLOGY 


fs DEM radiology, as a college dis- 
cipline, had its beginnings about 150 
years after the first two medical schools in 
Colonial America were founded at the 
College of Philadelphia in 1765 (University 
of Pennsylvania) and King’s College Med- 
ical School in 1768 (Columbia University). 
The first of these celebrates its 200th anni- 
versary this year. The fact that these 
schools were established as college affilia- 
tions, rather than hospital enterprises, set 
the academic pattern for teaching the dif- 
ferent medical specialties as they devel- 
oped, and tended to attract students with 
genuine educational motivation. Academic 
radiology was no exception, even though 
much of the earlier teaching was given to 
postgraduate physicians on a preceptorship 
basis or in the form of special courses 
sponsored by scientific organizations and 
groups with educational interests. 

Because of their advanced medical school 
programs, itis not surprising that academic 
radiology also had its first formal univer- 
sity ties in Philadelphia, New York, Boston, 
and Baltimore. The names of many famous 
pioneer radiologists are found on the teach- 
ing staffs of these universities. Mostly, they 
served part-time functions, and since radi- 
ology did not enjoy department status at 
the time, they were members of ut or 
surgical professorial staffs. 

The establishment of academic programs 
in radiology took place in medical schools 
throughout the country during the first two 
decades of the century and coincided with 
an age of reform in medical education. 
With the founding of the American Med- 
ical Association Council on Medical Edu- 
cation in 1904, followed six years later by 
the famous Flexner report recommending 
university affiliation, the number of med- 


ical schools dropped from over 160 to 85 by: 
1920, and the modern era of academic 
medicine and radiology began. In the next 
two decades, surviving schools became 
affliated with universities, gaining all the 
benefits and controls associated with this 
alliance. The full-time system, with various 
modifications, was gradually accepted by 
all schools and a closer relationship of the 
medical school and teaching hospital fol- 
lowed. The first full-fledged endeavor in 
graduate medical education came when 
Johns Hopkins University sought to cor- 
rect the separation of medical school and 
clinical facilities by constructing the hos- 
pital closely adjacent to the basic science 
divisions. This trend evolved in a further 
refinement, the medical center, where the 
medical school, various hospitals, clinics, 
and public health facilities are established 
on one gecgraphical site. This medical 
center concept has since been accepted by 
all new medical schools and many older 
schools are converting to it. 

Another important factor in the develop- 
ment of medical education has been the 
growth of postgraduate programs. In. the 
first part of this century, only à small 
number of graduates elected to take an in- 
ternship or residency, but the number ex- 
panded during the first four decades and 
has shown rapid growth since World War 
II, to the point where most postgraduates 
now take two, three, or more years of train- 
ing in a specialty, such as radiology. 

Academic radiology has grown in size, 
complexity, and stature during this mod- 
ern era of medical education, hand in hand 
with the growth and usefulness of clinical 
radiology, and influenced by the rapid ex- 
pansion of medical science itself. The estab- 
lishment of the American Board of Radi- 
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ology, in 1934, furthered the aims of aca- 
demic radiology in promoting higher mini- 
mum standards of postgraduate education 
for certification in the specialty. Several 
Board members are academic radiologists 
and many serve as examiners of candidates 
presenting themselves for certification. 

One of the problems of the academician, 
in recent years, is that what has to be 
taught has expanded so explosively. It is 
said that medical knowledge 1s increasing 
at the rate of about 9 per cent per year. 
The schools that formerly turned out a 
"doctor" in four years have had to retreat 
from this position and hand the medical 
student over to a hospital to complete the 
job. The limits placed by time pose a real 
problem in medical education. One must 
teach what is most important as effectively 
as possible. 

The undergraduate radiologic teaching 
consists chiefly in orientating the student 
to the “radiologic methods" of diagnosis 
and treatment, and furnishing some insight 
into the enormous scientific possibilities of 
the field. Similar problems exist in the 
teaching of postgraduate radiology, where 
the volume of information to be taught calls 
for additional faculty and physical facilities 
in order to provide the necessary special- 
ized teaching within the field. Residents no 
longer receive all their instruction from a 
teacher of general radiology, but instead 
are taught different modalities by faculty 
members who spend their entire time in 
subspecialties. In addition, after com- 
pleting his residency, the radiologist now 
returns to the university for post-post- 
graduate courses. 

Recognizing the need for some identifica- 
tion for the purely academic radiologist, 
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besieged as he frequently is with problems 
of how to further high quality investigative 
research programs and achieve excellence 
in the pursuit of other academic obliga- 
tions, a group of young radiology teachers 
organized an Association of University 
Radiologists, whose purposes were (1) to 
increase laboratory and clinical investiga- 
tion in radiology by the informal exchange 
of ideas, (2) to stimulate an interest in 
academic radiology as a medical career, 
and (3) to advance radiology as a medical 
science. Members were elected from the 
radiology faculties of the various medical 
schools throughout the country, and the 
First Annual Meeting was held in Chicago 
in 1952. Today, this organization has a 
membership of 137 radiologists represent- 
ing 57 universities. Their two-day annual 
meeting embraces a program of short re- 
ports of scientific works in progress from 
the various schools and an open Symposium 
for the exchange of ideas concerning their 
academic problems. The shortage of quali- 
fied academic radiologists remains a chal- 
lenge to this organization. At this writing, 
there are at least five departmental chair- 
manships, and over forty-five faculty posi- 
tions unfilled in university radiology de- 
partments. 

Elsewhere in this JouRNAL is a number 
of papers selected from the program of the 
1964 AUR meeting. It is of interest that 
the development of academic radiology 
has largely paralleled the life of this Jour- 
NAL, to which it owes much and contrib- 
utes much. 


Joun A. CamĪmPBELL, M.D. 
President 
Association of Univeristy Radiologists 
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RUSSELL J. REYNOLDS 
C.B.E., M.B.B.S., F.R.C.P., F.F.R., D.M.R.E. 
1880-1964 


WTE the death of Dr. Russell Reyn- 
olds on November 5, 1964 at the age 
f 84, radiology loses one of its earliest 
Xoneers and one whose work earned recog- 
ition throughout the world. 

Russell John Reynolds was born in 


London in 1880. At the age of 15, while he 
was stil in school, his father, Dr. John 
Reynolds, a general practitioner and a 
friend of Sir William Crookes, read in the 
newspaper the account of Róntgen's dis- 
covery. Such was his interest that, with the 
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help of his son, an apparatus was con- 
structed in 1896-97. That apparatus was 
used for research and later for medical 
practice; it is now on view in the Science 
Museum at South Kensington. In Igor 
Russell Reynolds was elected a member of 
the Réntgen Society in London and in 
1902, while still a student, he demonstrated 
before the Society an X-ray tube with an 
adjustable cathode which he had designed. 
He qualified medically in 1907 and two 
years later made radiology a full-time oc- 
cupation. 

In the First World War he served in the 
Royal Army Medical Corps in Britain and 
in India. Returning to civilian life, he re- 
ceived several hospital appointments, the 
chief being Physician in Charge of the X- 
ray Department at Charing Cross Hospital 
and at the National Hospital, Queen 
Square. He also became Advisor in Radi- 
ology to the Ministry of Pensions and to 
the Ministry of Supply. In 1932 he was ap- 
pointed Commander of the Order of the 
British Empire and in 1938 he was elected 
Fellow of the Royal College of Physicians. 
He was appointed Hunterian Professor of 
the Royal College of Surgeons in 1936, 
his subject being cineradiography of the 
oesophagus, stomach and duodenum. 

As early as 1921, he began research into 
the possibilities of cineradiography, a sub- 
ject which remained his chief interest dur- 
ing the rest of his career. In a room in his 
house set aside for experiment, and ably 
assisted by his two sons, both of whom are 
radiologists, he devised an apparatus in 
which he incorporated a method of photo- 
graphing the image thrown onto a fluoro- 
scopic screen. This resulted in a workable 
cineradiographic unit. The recent intro- 
duction of the image intensifier has made 
cineradiography a recognized part of many 
examinations, but credit for the pioneer 
work which led to this belongs to Reynolds. 
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This has been appreciated and has brought 
him honors from scientific bodies in many 
countries. An Honorary Membership in the 
American Roentgen Ray Society gave him 
great encouragement. He was also Honor- 
ary Member of the New York Roentgen 
Society, the Canadian Radiological Soci- 
ety, the Society of Radiobiologists of Italy 
and the Association of Physicians of 
Vienna, and an Honorary Fellow of the 
Australian College of Radiology. In 1957 
he was presented with the Antoine Béclére 
Medal in Paris. 

Aware of the importance of the Radio- 
logical Societies, he gave them full sup- 
port; he held office as President of the 
British Institute of Radiology and of the 
Radiological Section of the Royal Society 
of Medicine, and was Warden of the 
Fellowship of the Faculty of Radiologists. 

The above is a brief summary of the 
achievements of Reynolds! working life, 
which was full and very worthwhile. 
Throughout it, he showed foresight and 
judgment. He was quiet, modest and re- 
tiring. Kindness and consideration for all, 
and especially for those who worked with 
him as juniors, were endearing features. 
Anything that he considered important or 
necessary he would pursue untiringly—an 
excellent quality when doing research work 
or building up a department. His apprecia- 
tion of right and wrong was very definite, 
and he could be roused easily by anything 
that he considered slightly unjust. 

Russell Reynolds leaves behind him 
very many friends who will miss him 
greatly; amongst medical men there 1s a 
gap which must result from the loss of such 
a good colleague who has done such pioneer 
work. 


Monracu H. Jurg, F.R.C.S., F.F.R. 
Wheatlands Farm 
Enborne, Newbury, Berks 
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NEWS ITEMS 


THE AMERICAN COLLEGE 
OF RADIOLOGY 


The Forty-first Annual Meeting of The 
American College of Radiology was held 
at the Bellevue-Stratford Hotel, Philadel- 
phia, Pennsylvania, on February 9-13, 
1965. The following officers were elected: 
President, Dr. Wallace D. Buchanan, 
South Bend, Indiana; Vice-President, Dr. 
D. Alan Sampson, Ardmore, Pennsylvania; 
Secretary-Treasurer, Dr. Fay H. Squire, 
Chicago, Illinois (re-elected). Dr. George 
Cooper, Jr., Memphis, Tennessee, Dr. 
Charles G. Stetson, New York, New York, 
Dr. Seymour F. Ochsner, New Orleans, 
Louisiana, Dr. Robert W. McConnell, 
Davenport, Iowa, and Dr. J. Frank 
Walker, Atlanta, Georgia, were elected to 
the Board of Chancellors. Dr. Jackson E. 
Livesay, Flint, Michigan, has taken office 
as Chairman, Board of Chancellors. 

The Executive Director of the College is 
William C. Stronach, 20 North Wacker 
Drive, Chicago, Illinois, and the Director of 
Publication Relations is Otha W. Linton. 

The convocation ceremonies were held in 
the Rose Garden of the Bellevue-Stratford 
Hotel on February 12, 1965. At these cere- 
monies Dr. David S. Carroll, Memphis, 
Tennessee, President of the College, con- 
ferred the degree of Fellow on 40 candidates 
and the degree of Associate Fellow on 2 
candidates. The degree of Honorary 
Fellow was bestowed on Dr. Flemming 
Norgaard, Copenhagen, Denmark, Dr. 
Olle Olsson, Lund, Sweden, and in absentia 
on Dr. Paterno S. Chikiamco, Manila, 
Philippines, Dr. A. N. K. Menon, Madras, 
India, Dr. Robert McWhirter, Edinburgh, 
Scotland, Dr. Robert Emil Steiner, London, 
England, and Dr. Alessandro Vallebona, 
Genova, Italy. 

At the same ceremonies Dr. Carroll, 
assisted by the new President, Dr. 
Buchanan, presented Gold Medals of The 
American College of Radiology “for dis- 


tinguished and extraordinary service" to 
Kenneth Dayton Allison Allen, M.D., 
Denver, Colorado, Wendell Garrison Scott, 
M.D., St. Louis, Missouri, and Lauriston 
Sale Taylor, Ph.D., Bethesda, Maryland. 
The Forty-second Annual Meeting of 
the College will be held at the Drake Hotel, 
Chicago, Illinois, February 1—5, 1966. 


JOSEPH AND SAMUEL FREEDMAN 
LECTURES 


On Saturday and Sunday, April 24 and 
25, 1965, Dr. Sidney Nelson, Professor and 
Chairman, Department of Radiology, Ohio 
State University, Columbus, Ohio, will de- 
liver the Seventeenth Annual Joseph and 
Samuel Freedman Lectures in Diagnostic 
Radiology at the University of Cincinnati 
College of Medicine. For further details 
write to Dr. Benjamin Felson, Depart- 
ment of Radiology, Cincinnati General 
Hospital, Cincinnati, Ohio 45229. 


SPECIAL GRADUATE COURSE IN 
RADIOLOGICAL PHYSICS 

Columbia University offers a one-year 
course leading to the degree of Master of 
Science in Radiological Physics; the course 
is given at the College of Physicians and 
Surgeons under the auspices of the Radi- 
ology Department and the Radiological 
Research Laboratory. The work is de- 
signed to furnish a foundation for those 
who wish to assist in research and applica- 
tions of radiological physics, particularly, 
in radiation protection and dosimetry, and 
prepares the candidate to carry out the 
functions of a physicist in a hospital de- 
partment of radiology. Lectures, seminars, 
laboratory and clinical work are included. 
Topics to be considered are elementary 
and advanced radiological physics, elec- 
tronics, radiation standardization and pro- 
tection, radioactive isotopes, biostatistics, 
radiobiology, instrument design, public 
health practice, health physics, and clin- 
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ical applications of radiation physics. 

Prerequisite for admission is a bachelor’s 
degree with a major or strong minor in 
physics, or equivalent scholastic back- 
ground, and a good academic record. A 
knowledge of general chemistry and general 
biology is desirable. 

The Division of Radiological Health, 
Public Health Service, has awarded a grant 
to the University enabling financial assist- 
ance to qualified candidates as part of its 
national program for the training of radio- 
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logical health specialists. This aid will be 
in the form of tuition waiver as well as 
monthly stipend allowances for full time 
students. Applicants must be citizens of 
the United States or have filed a Decla- 
ration of Intent. Preference will be given to 
candidates who are sponsored by public 
health agencies for work in their area of re- 
sponsibility or in closely related fields. 
Inquiries for further information should 
be addressed to Dr. W. Gross, 630 W. 168th 
Street, New York, New York 10032. 


ANNOUNCEMENT 


This year, beginning with Volume 93, the AMERICAN JOURNAL or ROENTGENOLOGY, 
Rapium Tuerapy & Nuciear Mepicine has changed from a two volume to a three 
volume per year publication. This changeover was proposed by the Publication Commit- 
tee under the Chairmanship of Dr. John F. Roach after consultation with Charles C 
Thomas and Payne Thomas and was approved by the American Roentgen Ray Society at 
its Sixty-fifth Annual Meeting held September 29-October 2, 1964 in Minneapolis, 
Minnesota. The present April issue is the first Index number of the year 1965; the other 
two will be the August and December numbers, respectively. As before, the Journat will 
continue to be issued monthly, but in larger size, by Charles C Thomas, Publisher, 3c1- 
307 East Lawrence Avenue, Springfield, Illinois, and the annual subscription price re- 
mains unchanged. 

The AMERICAN JouRNAL of RoeNTGENOLOGY, Rapium THEerapy & NucrgAR MEDI- 
CINE was started as a quarterly publication in 1906 with the designation of “The Ameri- 
can Quarterly of Roentgenology." In 1913 it was changed into a monthly publication 
with one volume per year and one index in December; in 1924, with Volume 11, it was 
changed to two volumes per year and two indices, one in July and one in December. 

The present expansion to three volumes reflects the fruitful result of an ever increasing 
endeavor to add to the “sum of knowledge." As the frontiers of dynamic radiology con- 
tinue to widen, the scope of its benefit to mankind broadens by further addition to this 
sum of knowledge. To quote Lawrence Reynolds, the great Editor of this Jourwat, “The 
use of radiant energies—in the future—will be largely an exposition of the thought and 
effort which we of today contribute toward its advancement." 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


MawnMocnAPHY. By Robert L. Egan, M.D., 
Associate Radiologist, The Methodist Hos- 
pital of Indiana, Indianapolis, Ind.; Con- 
sultant, Cancer Control Program, Division of 
Chronic Diseases, Department of Health, 
Education and Welfare; Consultant, Health 
Insurance Plan of New York City Mam- 
mography Study; Consultant, Glen Cove 
Community Hospital, Glen Cove, L. I., 
N. Y.; Formerly, Associate Radiologist, 
Associate Professor of Radiology, Head of 
Section of Experimental Diagnostic Radi- 
ology, The University of Texas M. D. 
Anderson Hospital and Tumor Institute, 
Houston, Texas. Cloth. Pp. 446, with 302 
illustrations. Price, $25.50. Charles C 
Thomas, Publisher, 301-327 East Lawrence 
Avenue, Springfield, Hl., 1964. 


Rarely has a book been as timely as this large 
and excellent volume by Robert L. Egan, who 
has had so large a role in the recent reawakening 
of interest in mammography. There is now a 
widespread demand in many radiologic depart- 
ments for competent examinations with this 
method. This clearly written and well illus- 
trated publication will help minimize the dis- 
quiet felt by radiologists with limited past ex- 
perience and will ease the task of self-educa- 
tion that many are undertaking. 

This book has large pages and is copiously 
illustrated with roentgenograms which are well 
printed and very informative. Presented here 
are primarily the author’s experience and 
opinions. Both are valuable because his experi- 
ence is large and his association with clinicians 
and pathologists has evidently been harmoni- 
ous and mutually beneficial. Although some of 
the material has been presented before, the col- 
lection into a single source has merit. Full ex- 
pansion of the author’s concepts and liberal 
illustration of the end results of his technique 
have resulted in a volume that may well 
prove to be an enduring masterpiece. 

After an introductory chapter reviewing the 
history of mammography, there are full discus- 
sions of the normal breast and the roentgeno- 
graphic technique. Most of the book is devoted 


to two lengthy chapters on malignant and be- 
nign breast lesions. In all illustrations the out- 
lines of the breast are rimmed with a black 
margin which makes the reproductions very 
effective. Almost 3oo roentgenograms are 
shown, so this is a veritable atlas of mam- 
mography. 

The book is so good that it is almost a chal- 
lenge to find minor or personal points over 
which to quibble. The picture and praise of 
Stafford Warren are high points in the historic 
review, yet one cannot help wishing that the 
magnificent contributions of Gershon-Cohen 
had received more recognition. Because of the 
importance of correlating pathologic and radio- 
logic material in mammography, more than § of 
the 433 textual pages might have been devoted 
to considering pathologic and roentgenographic 
classification. Likewise, in a method which has 
a usual error potential of about Io per cent, 
there might have been more than 12 pages de- 
voted to text and illustrations about diagnostic 
difficulties and sources of error. 

Compared to the high over-all quality of this 
book, these suggestions of possible areas for im- 
provement are of minor significance. What is of 
major importance is that this is a practical, 
helpful, convincing, well published and 
thoroughly excellent book. . 

SEYMOUR F. Ocusner, M.D. 


FUNDAMENTALS or RoENTGENOLOGY. By 
‘Lucy Frank Squire, M.D., Formerly, Clinical 
Assistant Professor of Radiology, University 
of Rochester School of Medicine, Rochester, 
N. Y. Cloth. Pp. 363, with many illustra- 
tions. Price, $12.50. Published for The 
Commonwealth Fund by Harvard Univer- 
sity Press, Cambridge, Mass., 1964. 


The revival of interest in teaching diagnostic 
radiology to undergraduate medical students 
can be ascribed to several causes. There is more 
understanding of the field as a basic part of the 
clinical armamentarium.of the student physi- 
cian. There is more interest on the part of 
medical educators in broadening the intellectual 
horizons of the student, There is a greater ap- 
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preciation of the vivid tool the roentgen ray 
represents for the visualization of pathologic 
anatomy and physiology. As a result, the radi- 
ologist is becoming more and more a contribut- 
ing member of the teaching team. The use of 
ionizing radiations is becoming less of a mystery 
and more of an integral part of the student’s 
concept of what comprises the science and art 
of medicine. 

Dr. Squire’s book is directed to the concept 
of instruction in Radiology as a part of the 
undergraduate medical student’s total learning 
process. It is not a reference work, nor is it a 
textbook in the traditional sense. It is, rather, 
an instruction manual, to “...help young 
physicians learn how to look at X-ray films.” 
The book is planned as a sort of teaching ma- 
chine. Each page is related to the pages before, 
and the book includes questions to the reader 
to enable him to see if he understands the ma- 
terial being presented. The whole volume is 
directed towards principles of roentgen inter- 
pretation and is dedicated to the concept that 
every graduating physician should “... know 
how to examine a radiograph and... be able 
to derive certain kinds of fundamental informa- 
tion from it.” 

Dr. Squire has spent many years working on 
the teaching methods that are evident in this 
beautifully planned and executed manual. She 
has succeeded in providing a delightfully clear 
and interesting introduction to the joys and 
challenges of our specialty. It is recommended 
highly as a course book for the student and asa 
guide for the teacher in introductory courses in 
diagnostic radiology. We plan to make it the 
basic text in our course at the Medical College 
of Virginia. 

RicHAnD G. Lester, M.D. 


BOOKS RECEIVED 


X-Ray Examination OF THE STOMACH, A DESCRIP- 
TION OF THE ROENTGENOLOGIC ANATOMY, PHYSI- 
OLOGY, AND PATHOLOGY oF THE ESOPHAGUS, 
STOMACH, AND Duopenum. Revised edition. By 
Frederic E. Templeton, M.D., Clinical Professor of 
Radiology, The University of Washington, Seattle, 
Wash. Cloth. Pp. 598, with many illustrations. 
Price, $15.00. University | of Chicago Press, 
Chicago, Hl., 1964. 
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FUNDAMENTALS OF OnmrHoPArDICs. By John J. 
Gartland, A.B., M.D., Assistant Professor of 
Orthopaedic SuPECIT. Teleron Medical College, 
Philadelphia, Pa. Cloth. Pp. 338, with many illus- 
trations. Price, $8.00. W. B. Saunders Company, 
West Washington Square, Philadelphia, Pa., 
1965. 

Tse Science or Jonizino Rapiation: Monpes or 
APPLICATION. Edited by Lewis E. Etter, B.S., 
M.D., F.A.C.R., Professor of Radiology, Western 
Psychiatric Institute and Clinic and the Falk 
Clinic, School of Medicine, University of Pitts- 
burgh, Pittsburgh, Pa.; Consultant, C. Howard 
Marcy State Hospital, Pittsburgh, Pa. Cloth. Pp. 
788, with many illustrations. Price, $26.50. 
Charles C Thomas, Publisher, 301-327 East Law- 
rence Avenue, Springfield, Ill., 1965. 

SrINAL Corp Diseases: A RADIOLOGIC AND MYELO- 
GRAPHIG ÁNALYsIS. By Guido Lombardi, M.D., 
Chief Radiologist, Istituto Neurologico di Milano; 
and Angelo Passerini, M.D., Senior Assistant 
Radiologist, Istituto Neurologico di Milano, 
Milan, Italy. Cloth. Pp. 175, with many illustra- 
tions. Price, $8.50. The Wiliams & Wilkins Com- 
pany, Baltimore 2, Md., 1964. 

MATHEMATICS FOR RADIOGRAPHERS, Second edition. 
By L. A. W. Kemp, B.Sc., Ph.D. F.Inst.P., 
Physicist to the London Hospital; Formerly, Lec- 
turer in Physics at The Polytechnic, London, Eng- 
land. Cloth. Pp. 220, with 87 illustrations. Price, 
$6.00. F. A. Davis Company, 1914-16 Cherry 
Street, Philadelphia, Pa., 1965. 

RONTGENBEFUNDE AM KINDLICHEN BECKEN BEI 
ANGEBORENEN SKELETTAFFEKTIONEN UND CHRO- 
MOSOMALEN ABERRATIONEN. By Priv.-Doz. Dr. 
Herbert J. Kaufmann, Leiter des Róntgeninstituts 
am Basler Kinderspital, Kinderklinik der Univer- 
sitát Basel. Cloth. Pp. 86, with 82 illustrations. 
Price, DM 44,-. Georg Thieme Verlag, Stuttgart, 
Germany. In the U.S.A. and Canada, Intercon- 
tinental Medical Book Corporation, New York 16, 
N.Y., 1964. 

Samson WniGHT's ÁPPLIED PuHysroLoov. Eleventh 
edition. Revised by Cyril A. Keele, Professor of 
Pharmacology and Therapeutics, University of 
London, at The Middlesex Hospital Medical 
School; and Eric Neil, John Astor Professor of 
Physiology, University of London, at The Middle- 
sex Hospital Medical School. With the collabora- 
tion of John B. Jepson. Cloth and Paper. Pp. 534, 
with 387 illustrations. Price, Cloth, $14.00, Paper, 
$9.50. Oxford University Press, Inc., 417 Fifth 
Avenue, New York, N.Y., 1965. 
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ROENTGEN DIAGNOSIS 
GENITOURINARY SYSTEM 


ScHorz, A., Hauce, A., and Ogrr, K. Isotope 
renography in the diagnosis of renal hyper- 
tension. German Med. Monthly, July, 1964, 
9, 269-275. (Address: Nuklear-Medizinische 
Abteilung der Medizinischen Universitats- 
kliniken, Stadt. Krankenhaus Westend, 
Spandauer Damm 130, Berlin-Charlotten- 
burg 9, Germany.) 


Isotope renography is of value in the differential 
diagnosis of hypertension due to unilateral renal 
disease, 

A total of 43 hypertensive patients was investi- 
gated. The criteria used were based on: history, 
clinical examination, ophthalmoscopy, urine tests, 
blood urea, test of concentrating power, intravenous 
pyelography with retrograde pyelography performed 
in a few cases, radioisotope renography, inulin and 
PAH clearances at a constant plasma level, and renal 
arteriography. 

Ten of 11 patients with unilateral renal artery 
disease had an abnormal radioisotope renogram. Ina 
case of complete renal artery occlusion the curve was 
that of a nonfunctioning kidney: after the initial rise 
in the vascular phase, the further rise expected in the 
secretion phase failed to occur and the curve turned 
downward immediately. In cases of incomplete renal 
artery obstruction the peak of the secretion phase 
was delayed on the side of the stenosis in 9 out of 10 
cases. The delay ranged from 45 seconds to 6 min- 
utes. In only 3 cases was there an abnormality in the 
rise of the vascular phase. 

In cases of unilateral chronic pyelonephritis or 
unilateral contracted kidney there are clear-cut 
changes in the radiorenogram. In advanced cases 
with steadily worsening renal function the rise in the 
secretion phase becomes less and less until in the last 
stages of unilateral contracted kidney the picture is 
that of total or almost total nonfunction. The dis- 
eased kidney may not show a secretion maximum at 
all. If there is one, it will be reached considerably 
later than the peak on the healthy side. 

In hypertensive patients with bilateral renal 
disease the radiorenograms in both kidneys usually 
show a smaller rise in the secretion phase than is seen 
in normal controls. The renogram in these cases, 
however, may be normal. In cases with hypertension 
without renal involvement the renograms were 
normal. 

Previous investigators have devoted most of their 
attention to the vascular phase in assessing renogra- 
phy for evidence of renal artery stenosis. Three of 9 
patients with renal artery stenosis in this series 
showed no diminution of the rise in the vascular 
phase. This is because this phase is determined to an 
extent of over so per cent by blood in the large ves- 
sels and around the kidney. Secretory function in the 
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kidney makes a further contribution to the rise. 
Therefore, any reduction in the renal blood flow has 
to be very'large before it becomes apparent. The 
important finding in these cases is the delay in reach- 
ing the peak of the curve. This; however, is seen in 
many other conditions including pyelonephritis and 
forms of obstruction to urinary outflow. This implies 
that the diagnosis of unilateral renal artery stenosis 
cannot be made from the renogram alone.— David 
Morse, M.D. 


Nervous SYSTEM 


SorÉ-LrENas, J. Mielografia gaseosa. (Gas my- 
elography.) £n. med., Barcelona, 1963, No. 
4, 58-67. (From: Clínica Médica A de la 
Facultad de Medicina de la Universidad de 


Barcelona, Spain.) 


The history of gas myelography is reviewed briefly. 

Gas myelography may be carried out with oxygen 
or air and may be total or partial, the latter including 
localized studies of the cervical or lumbar region. 

In general, the technique introduced by Lindgren 
(Acta chir. scandinav., 1939, 29, 303) is followed, in 
which the patient is placed in the 25 degree Trende- 
lenburg position; then 1o ml. spinal fluid is removed 
and 10 ml. of gas injected by increments until the 
spinal pressure reaches 250—300 mm. of water. The 
spinal cord and subarachnoid space may be visual- 
ized with the additiogal aid of tomography. Roth 
(Acta radiol., 1963, r, £3) also reported a method of 
gas myelography utilizing lumbar puncture, whereas 
the method of Lindgren utilizes cisternal puncture. 
Jiroud (Acta radiol., 1958, 50, 221) described a 
method of cervical gas myelography utilizing lumbar 
puncture. Plain roentgenograms may suffice for 
study of the cervical region. 

Intramedullary tumors show expansion of the 
cord; intradural tumors may show a filling defect and 
displacement of the cord. The arachnoid adhesions 
appear as irregular shadows. Degenerative disk 
disease in the cervical region as well as various forms 
of block may also be demonstrated. 

The air is usually absorbed within 24 to 48 hours 
and, although there may be headache or backache up 
to 48 hours, there is less inconvenience than is en- 
countered following the use of iodized oils.—CAar/es 
M. Nice, Fr., M.D., Ph.D. 


HrnwÁNDEZ-Ros, A. (Madrid, Spain.) Dis- 
cografía: exploración discográfica de la 
columna lumbar. (Diskography; diskograph- 
ic exploration of lumbar spine.) Zn. med., 
Barcelona, 1963, No. 4, 67-93. 

Some perforations of the annulus fibrosus and 
certain forms of degenerative disk disease do not 
show deformity on myelography. In such instances 
diskography may be of significant value. 

The guide needle is inserted about 4-5 cm. from 
the midline and directed toward the intervertebral 
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disk. A slender needle is then introduced through the 
larger needle and directed toward the middle of the 
disk. Water soluble contrast material is used. The 
fourth and fifth lumbar disks are the most usual loca- 
tions of pathology but the second and third lumbar 
disks are sometimes also injected. 

Diskography definitely helps to determine if the 
disk is normal. Fissures and degenerative changes are 
very well shown. Beginning herniation and actual 
rupture of the annulus may be demonstrated. The 
reproduction of clinical pain patterns upon injection 
is likewise of diagnostic importance.—Charles M. 
Nice, Fr. M.D., Ph.D. 


SKELETAL SYSTEM 


VENABLE, JOHN R., Frage, Raymonp E., and 
Kiiran, Duane J. Stress fracture of the 
spinous process. 7./1.M./f., Dec. 7, 1964, 790, 
881-885. (Address: Dr. Venable, Dow Chem- 
ical Col. B-111 Park Road, Freeport, Texas.) 


Twenty-eight fractures of the spinous processes of 
the lower cervical and upper thoracic vertebrae were 
seen in 24 patients who worked as metal dippers, an 
occupation which places repetitive stress on these 
areas. 

The case histories are similar: the worker feels a 
snap between the scapulae; moderate interscapular 
pain, which is relieved by rest, usually follows. Physi- 
cal examination shows the head flexed slightly with 
exaggeration of the kyphotic curve and elevation of 
the shoulders. Motion of the upper spine, arms, and 
head is limited. Palpation of the interscapular area 
reveals muscle spasm and tenderness. There is local 
tenderness over the spinous process of C7 or Ti; 
crepitation over these two areas is clinically signifi- 
cant. 

Roentgenographic examination provides a defini- 
tive diagnosis, On the anteroposterior roentgenogram 
a double shadow is caused by the caudad displace- 
ment of the avulsed fragment and is regarded as 
evidence of a fracture. Lateral or oblique views 
should always be obtained, and although soft-tissue 
thickness may present difficulties, the diagnostic 
accuracy increases with improved roentgen tech- 
niques. 

Ten patients had surgical removal of the avulsed 
fragment; I4 were treated conservatively.—Lois 
Cowan Collins, M.D. 


RorH, Sanrorp I. Squamous cysts involving 
the skull and distal phalanges. ¥. Bone & 
Foint Surg. Oct., 1964, 464, 1442-1450. 
(From: James Homer Wright Pathology 
Laboratories, Massachusetts General Hos- 
pital, Boston 14, Mass.) 

The author reviewed the clinocopathologic aspects 
of 1o patients with squamous cysts of the phalanges 
and 11 patients with squamous inclusions of the 
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skull. The mean age of patients with phalangeal 
lesions was 42 years, compared with a mean age of 18 
years for those with squamous cysts of the skull. 

Three cases were unique: one was the first recorded 
case of squamous cysts in the distal phalanges of two 
different fingers in the same patient; the second was 
the first recorded case of squamous cyst of the distal 
phalanx of a toe; and the third, the youngest re- 
ported patient (2 months old) with a squamous cyst 
of the skull. 

The most common symptom of patients with a 
skull lesion was a mass, showing nonsclerotic margins 
and involving one or both tables. Pain was the most 
common complaint of those with phalangeal lesions, 
which roentgenographically revealed irregular, lytic, 
medullary defects that had expanded, thinned, or 
broken the cortex, usually on the dorsal surface. 

Most authers suggest that phalangeal cysts are of 
traumatic origin, resulting from displacement of 
epidermis into the dermis. On the other hand, most 
authors have concluded that squamous cysts of the 
skull were of nontraumatic origin. 

Adequate therapy consists in removal of the cyst 
and its wall by curettement or removal of the in- 
volved portion of bone.—Francts P. Shea, M.D. 


WETZEL, H. Progressive diaphyseal hyperosto- 
sis (Camurati-Engelmann’s disease). German 
Med. Monthly, July, 1964, 9, 285-287. (Ad- 
dress: Medizinische Klinik des Stádtischen 
Krankenhauses, Ludwigshafen/Rhein, Ger- 
many.) 


Progressive diaphyseal hyperostosis (Camurati- 
Engelmann’s disease) is a hereditary disorder involv- 
ing certain bony structures. It may develop at any 
age. The youngest patient reported was 3 months 
and the oldest 55 years old. A clumsy, rolling “sailor’s 
gait," abnormally long extremities and hypoplastic 
muscles with easy fatiguability are characteristic 
signs. Bone and muscle pain, mental retardation, 
thickening of the mandibles, craniomegaly and deaf- 
ness have been reported. Facial paralysis and deaf- 
ness were dominant features of the 2 cases reported. 
Both were due to mechanical pressure resulting from 
hyperostosis cf the skull. 

The laboratory findings are usually normal. 

The 2 cases reported exhibited characteristic 
changes roentgenologically. There was marked scleros- 
ing hyperostosis of the base of the skull, especially 
the anterior and middle cranial fossae but to a lesser 
extent the occipital bone and mandible were in- 
volved. The petrous bones were markedly involved. 

Definite hyperostosis was found in the diaphyseal 
region of the femurs decreasing toward the metaph- 
yses. The epiphyses were normal. Symmetric, 
severe thickening of the compacta and cortex was 
present in all long bones. The diaphyses were spindle 
shaped and the marrow space narrowed. The outer 
contour was undulating and of varying contour. 
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Life expectancy is not affected by this disorder.— 
David Morse, M.D. 


Eyrine, Epwarp J., Peterson, C. A., and 
Byornson, D. R. Intervertebral-disc calcifi- 
cation in childhood: a distinct clinical syn- 
drome. F. Bone C9 Foint Surg., Oct., 1964, 
46A, 1432-1441. (Address: Dr. Eyring, De- 
partment of Orthopaedic Surgery, Univer- 
sity of California Medical Center, San 
Francisco 22, Calif.) 


Intervertebral disk calcification in children, al- 
though occasionally asymptomatic, is usually asso- 
ciated with a rather typical set of clinical findings 
which include pain, limitation of motion, local ten- 
derness, and evidence of inflammation characterized 
by temperature elevation, and increased sedimenta- 
tion rate or white blood cell count. Moreover, the 
involved disks may prolapse in any direction. A 
conservative therapeutic regimen is sufficient unless 
there is evidence of prolapse into the spinal canal. 

A series of cases is presented which, together with 
that of Newton, represents the only large series of 
disk calcifications with associated symptoms in 
which children have been followed for prolonged 
periods. Residual deformity of the spine in children 
followed for as long as 13 years was observed, as well 
as failure of complete resorption of calcium. 

The following factors appear to constitute the 
syndrome of intervertébral disk calcification: (1) 
pain, local or referred; (2) limitation of spine motion; 
(3) evidence of inflammation; (4) intervertebral disk 
calcification; (5) pediatric age group only; and (6) 
self limited clinical course. 

Among the cases reviewed, there were 31 boys and 
16 girls. The average age was approximately 7 years. 
Usually, calcium was discovered from 1 to 60 days 
after the onset of symptoms. 

The authors suggest that trauma of varying de- 
gree, coupled with degenerative changes, sets the 
stage for deposition of calctum. Inflammatory reac- 
tion accompanies this calcification and results in 
pain.—Francis P. Shea, M.D. 


BLOOD AND LYMPH SYSTEM 


GROLLMAN, J. H., JR., and HANArEE, WILLIAM, 
The roentgen diagnosis of Takayasu’s arter- 
itis. Radiology, Sept., 1963, 83, 387-395. 
(From: Department of Radiology, Univer- 
sity of California, Center for the Health 
Sciences, Los Angeles, Calif. 90024.) 
Takayasu’s arteritis, a disease found most com- 

monly in young adults, with females predominating, 

involves chiefly the aortic arch and its proximal 
branches although changes occasionally have been 
reported in other vessels. The exact etiology is un- 

- known, but the condition is generally classed among 

the diseases of autoimmunity. It is chronic, progres- 
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sive, and inflammatory, characterized by a panar- 
teritis leading to fibrosis and resultant obliteration of 
the vessel lumen. Symptomatically, complaints are 
referable to the brain, eyes, and upper extremities 
secondary to ischemia in these areas. The clinical 
aspects vary depending on the location and degree of 
narrowing of the vessel lumen. The condition is 
classed as a subdivision of the aortic arch syndrome 
in which the main finding is obliteration of the 
brachiocephalic pulses. It must be differentiated 
from the more common arteriosclerosis and syphilitic 
aortitis, and the less common causes of the aortic 
arch syndrome such as arterial embolism and throm- 
bosis, dissecting aneurysm, the thoracic-outlet syn- 
drome, congenital coarctation, pseudoxanthoma 
elasticum, thromboangiitis obliterans, polyarteritis 
nodosa, and trauma. 

The diagnosis is made by the clinical history and 
the roentgenographic findings demonstrated by 
aortography. Arteriography is important to deter- 
mine the degree and extent of involvement so that 
the proper surgical procedures can be decided upon. 
The characteristic arteriographic changes found are: 
(a) the localization of the process to large arteries 
near their origin, particularly the brachiocephalic 
trunk, with sparing of the vessels distally; (b) local- 
ized smooth constrictions and flame-shaped occlu- 
sions; (c) the presence of a well developed collateral 
circulation. 

Six case reports are presented by the authors and 
the roentgenographic findings in these cases are 
illustrated. Their present technique of aortographv, a 
modified Seldinger approach, is briefly described.— 
Donald N. Dysart, M.D. 


WERTHEIMER, P., FROMENT, R., Des Corzs, J., 
Srre, J., and WEBER, B. (Lyon and Colmar, 
France.) Exiguité artérielle constitutionnelle: 
facteur probable de thrombo-artériose du 
type Buerger. (Constitutional narrowing of 
the arterial vessels: a probable factor in 
Buerger’s type of thrombo-arteriosis.) Presse 
méd., Sept., 1964, 72, 2259-2264. 


As a result of the work of Leo Buerger, a specific 
type of arterial disease has been described which 
commonly carries his name. The etiology of this 
disease ig not known. It is characterized by a chronic 
arteriopathy in a younger age group as compared 
with arteriosclerosis. It is completely independent of 
the latter, which affects the older age group. The 
term thrombo-arteriosis is suggested instead of 
thrombo-angiosis. 

The striking findings obtained during arteriogra- 
phy are: the slender or reduced caliber of an entire 
artery; clearly defined vessel wall which is smooth, 
regular and rigid, presenting the appearance of a 
stretched cord. Arterioles are relatively few, which 
are likewise alender, fine and small. The caliber re- 
mains unaltered under general anesthesia as well as 
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'ollowing the intra-arterial injection of novocaine, 
rior to arteriography. Thus spasm is ruled out as a 
:ause of the narrowness of the vessels. 

The authors' series includes 148 patients studied 
2y means of angiography. Of these, 36 were normal, 
jo had thrombo-angiosis and 82 had atheromatous 
arterial disease. 

Careful measurements, with increased target film 
listance (at least 1.5 meter), obviated the factor of 
entgenographic distortion. 

The authors found that there is an average de- 
crease of caliber of 20 per cent in thrombo-angiosis 
‘Buerger’s disease) as compared with the diameter of 
the normal vessel or the diameter of an atheromatous 
vessel, with a margin of error of not more than 1 per 
cent. On the other hand, the diameter of the normal 
vessel and that of the arteriosclerotic or atheroma- 
tous vessel was essentially the same. 

Arterial measurements were made on the aorta at 
the level of the fourth lumbar vertebra. 

Based on their studies, the authors conclude that 
Buerger's disease is a constitutional disorder, prob- 
ably familial, occurring in patients relatively younger 
than those with atheromatous arterial disease.— 
William H. Shehadi, M.D. 


SCHONHOLTZ, GEORGE J., and JAHNKE, Ep- 
WARD J., Jr. Occult injury of the thoracic 
aorta associated with orthopaedic trauma. 7f. 
Bone & Foint Surg., Oct., 1964, 46/4, 1421— 
1431. (Address: Dr. Schonholtz, 730 24th 
Street, N.W., Washington 57, D.C.) 


The thoracic aorta may rupture after nonpenetrat- 
ing trauma. A significant number of cases survives 
for varying periods, allowing surgical repair if the 
proper diagnosis is made. Musculoskeletal injuries 
are often predominant in the early clinical picture. 
Case reports of 5 new cases of occult injury of the 
thoracic aorta are presented. 

Of all types of thoracic aneurysms, the traumatic 
variety appears to account for approximately 2 to 6 
per cent. The cause is usually rapid linear decelera- 
tion secondary to an automobile or motorcycle acci- 
dent. Aortic ruptures generally occur at the isthmus 
just distal to the left subclavian artery. The initial 
tear of the aortic wall is usually circumferential and 
varies in extent from mild intimal damage through 
intimal and medial laceration of varying size to com- 
plete transections. The tear may be temporarily 
sealed off, but the thrombus may disintegrate and 
the patient exsanguinate at any time during the first 
4 weeks after injury. Survival ultimately depends on 
the formation of a mediastinal hematoma or contain- 
ment of hemorrhage by the adventitial coat of the 
aorta. Following this early period, the lesion matures 
into an aneurysm which may rupture months or even 
years later. 

Thus, the most constant and helpful diagnostic 
roentgen finding is widening of the superior mediasti- 
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num. Aortography may be employed to confirm the 
diagnosis. 

Once the diagnosis is made, especially during the 
first 30 days following injury, immediate thoracotomy 
is indicated. The preferred surgical procedure is 
excision of the damaged segment and replacement 
with a teflon graft.—Francis P. Shea, M.D. 


Jupxins, Mervin P., and Dotrer, Cartes T. 
An uncommon complication of thoracic 
aortography: a case report. Radiology, Sept., 
1964, 83, 433-435. (From: University of 
Oregon’s Minthorn Memorial Laboratory 
for Cardiovascular Research through Radi- 
ology, Portland, Ore.) 


A single case is reported in which catheter trauma 
apparently led to atheromatous embolization of the 
middle cerebral artery (autopsy) and thereby to 
death of a 60 year old patient undergoing attempted 
retrograde aortography. It is emphasized that cere- 
bral signs and symptoms developed just prior to the 
contemplated injection of contrast medium, that 
none was injected, and that therefore the death can- 
not be attributed to contrast agent toxicity. The 
authors thus take exception to a report of a some- 
what similar case where death was ascribed to a 
serious immediate reaction to the contrast medium, 
but where an autopsy was not performed. 

At the Minthorn Memorial Laboratory for Cardio- 
vascular Research through Radiology, Portland, 
Oregon, the recognized incidence of this complication 
is roughly 1 in 1,000. However, reference is made to 
reports suggesting that microemboli may occur more 
frequently but do not lead to clinically detectable 
consequences. 

One photomicrograph shows a section of the right 
middle cerebral artery occluded by a typical athe- 
roma.—Gilenn W. Pett, M.D. 


GENERAL 


Moretti, Epoarpo, Sur la calcinose général- 
isée. (On generalized calcinosis.) 7. de radiol., 
d'électrol. et de méd. nucléaire, Aug.-Sept., 


1964, 45, 433-438. (From: Institut de 
Radiologie de l'Hópital de Busto Arsizio, 
Italy.) 


The author states that calcifications may be 
classed as (1) metastatic, (2) dystrophic, and (3) 
those occurring in calcinosis, which may be either 
local or generalized. 

Calcinosis has no typical roentgenologic picture 
because of the polymorphism of the calcific forma- 
tions and their varied evolutive cause. In the diffuse 
or generalized form the prognosis is severe: the de- 
posits are extensive, affecting not only the skin and 
subcutaneous tissues, but tendons, nerves, muscles, 
fascia, joints and periarticular structures. The disease 
is rare, only 200 cases having been recorded. Clini- 
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cally the onset is often in the first decades of life and 
evoked by rheumatoid disease, or peripheral circula- 
tory lesions, as in Raynaud's disease; it may be asso- 
ciated with collagen diseases such as scleroderma or 
dermatomyositis. Ápparently this is a chronic in- 
flammatory condition in which there is a special 
tissue affinity for calcium salts. 

The author's case, a male, age 31, had his original 
symptoms at age 10. Over the years inflammatory 
tumefactions would appear, often ulcerating and 
exuding milky fluid. The end result was massive 
calcifications involving deep structures which pro- 
duced immobility and complete disability. Studies of 
renal and cardiac function, and of calcium and phos- 
phorus metabolism failed to reveal abnormalities. 
There was a marked hypergammaglobulinemia. 

Eight roentgenographic reproductions are pre- 
sented which delineate massive calcific masses in 
muscles, about the knees, shoulders, axillae and in 
other deep tissues.—Frank A. Riebel, M.D. 


Huxa, WELLINGTON, JARMAN, W. DABNEY, 
WicaEn, H. Joacum, and Jacosson, CECIL. 
Turner’s syndrome in a 6-year-old Negro boy. 
F. Urol., Oct., 1964, 92, 317-322. (From: 
Departments of Endocrinology, Urology and 
Pathology, Children’s Hospital of District of 
Columbia, and Departments of Pediatrics 
and Urology, George Washington Univer- 
sity, Washington, D. C.) 


Turner’s syndrome is characterized by a sexual 
infantilism, congenital defects of the skin and ap- 
pendages, and anomalies of the cardiovascular and 
skeletal systems. In females, it is usually associated 
with chromosomal abnormalities and lack of ovarian 
tissue, 

In this article, the abnormal syndrome is reported 
in a 6 year old male child. In addition to multiple 
congenital anomalies, this child had undescended 
testicles. Testicular biopsy showed a decrease or 
absence of spermatogonia in the tubular epithelium. 

The authors briefly review in tabular form 11 other 
cases of similar nature from the literature. All roent- 
genologic examinations carried out on the patient 
included in this report were normal.—George W. 
Chamberlin, M.D. 


FarNsILBER, B. T., and Gosseuin, J. (Paris, 
France. Variante de la triade de Saint. 
(A variant of Saint's triad.) 7. de radio/., 
d'électriol. et de méd. nucléaire, Aug.—Sept., 
1964, 45, 463-464. 

The classic Saint's triad consists of association of 
hiatus hernia, cholelithiasis and colonic diverticula, 
to which some authors add uterine cancer. 

In the reported case there are variants in two of the 
signs: the gallbladder was of the calcified or porcelain 
type, there was a Meckel's diverticulum without 
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colonic diverticula, and there was cancer of the 
breast.—Frank A. Riebel, M.D. 


RADIATION THERAPY 


Apams, Gai. D. The use of a 70-mev. synchro- 
tron in cancer therapy. I. Physical aspects. 
Radiology, Nov., 1964, 83, 785—796. (From: 
Radiological Laboratory, University of Cali- 
fornia San Francisco Medical Center, San 
Francisco, Calif. 94122.) 


A 7o mev. synchrotron, designed by Pollack and 
built by the General Electric Company, was used to 
treat cancer. This medical synchrotron 1s comprised 
of four major components: magnet unit, capacitor 
bank, operative circuitry, and means for controlling 
angulation and altitude of the magnet unit. The 
electrical circuits are the usual for this type synchro- 
tron, and the main power consumption of about 40 
kw. is used in energizing the magnetic field. A pre- 
ventative maintenance schedule was adopted, and 
only two days of treatment time were lost since 1956 
due to machine malfunction. 

The roentgen-ray beam is produced by electrons 
striking a platinum target which protrudes into the 
donut. The field contour 1s determined by a lead alloy 
collimator 24 cm. thick. A compensator is used to 
produce field flattening. Dose calibration and stand- 
ardization was done with a circular field at TSD 
-+-10=200 cm. Other distances and fields were done 
using the inverse square law with a modification 
factor. The conventional ferrous sulfate dosimeter 
system was chosen as the laboratory standard, with 
another chemical dosimeter system used for daily 
work. Measuring the quantity of radiation exposure 
was first done by measuring induced activity in a foil, 
but later a transmission ionization chamber (placed 
between the quadrant chamber and collimator) was 
used, integrating the charge conducted during each 
exposure. Typical absorbed dose with TSD of rgo 
cm., measured at 200 cm., was 60 rads per minute. 
Depth dose is at a maximum from about 8 to 11 cm. 
Exit doses may approximate 80 per cent. Some photo- 
neutrons are produced with the roentgen rays, but. 
appear to be about o.1 per cent of the roentgen-ray 
dose. Most treatment was done using one or two 
fields. Several typical isodose curves are shown as 
used in treatment planning.—7ames C. Moore, M.D. 


Srone, Rosert S., and Louvre, Rose V. The 
use of a 7yo-mev. synchrotron in cancer 
therapy. II. Clinical aspects. Radiology, 
Nov., 1964, 53, 797-806. (From: Radio- 
logical Laboratory, University of California 
Medical Center, San Francisco, Calif. 94122.) 


In 1951 a 70 mev. synchrotron was installed, and 
in 1956 clinical trials were started using the machine. 
Many problems had to be solved, and one of the first 
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was determination of the RBE of the 70 mev. roent- 
gen rays. This was done using yeast, with a 250 kv. 
machine as a standard, and was found to be between 
0.86 and 0.88. This RBE was found to be correct 
clinically. Average dose per minute was $0 rads per 
treatment; 1,000 rads per week; total dose in 6 to 8 
weeks was 6,000 rads or more. 

Field localization was done in the usual manner, 
and treatment planning was carried out keeping in 
mind the characteristics of the roentgen-ray beam. 
The isodose curves show that the region from 6 to 14 
cm. received 95 per cent or more of the maximum 
absorbed dose. The entry port received practically no 
dose, while the exit dose might be 80 per cent. Com- 
bining anterior and posterior ports accomplished 
more uniform irradiation of thicker body parts. Bolus 
was used to bring the depth dose nearer the surface. 
Another advantage of the machine was the extreme 
flatness of the absorption curve at 6 to 14 cm. depth; 
this allowed more uniform irradiation of all parts of 
the tumor, Usually only one or two fields were used 
for treatment, which made treatment planning 
relatively simple. 

Initially only patients with advanced lesions were 
accepted for therapy, and consequently a high cure 
rate was not expected. As more patients were treated 
it became obvious that the greatest usefulness of the 
70 mev. beam of roentgen rays was in the therapy of 
cancer in the thick regions of the body, especially of 
obese patients. An effort was then made to concen- 
trate on tumors of the urinary bladder and the 
uterus. Experience treating tumors in these two 
organs 1s reported: 83 cases of cancer of the urinary 
bladder and 72 cases of cancer of the uterus. In can- 
cer of the bladder, in the limited follow-ups available, 
local tumor was eradicated in 41 per cent. Prelimi- 
nary studies indicate that treatment of uterine cancer 
was satisfactory or superior to other methods. 

The integral dose with 70 mev. roentgen-ray 
therapy is lower than with lower energy beams, and 
fewer systemic reactions occur. However, it is not 
possible to treat tumor without giving the immedi- 
ately adjacent tissues nearly the same dose. Thus 7o 
mev. roentgen rays have the same effect as other 
radiations having the same absorbed dose. In carci- 
noma of the bladder (83 patients) 12 had complica- 
tions, with rectal or sigmoid stricture and fistula 
being the most common. Eleven of 72 patients 
treated for uterine carcinoma had complications, 
with fistula involving the intestines being the most 
common. These uterine carcinoma patients were 
treated with fractionation over a period of 6 weeks or 
longer, and no faster than 1,000 rads per week. Sys- 
temic reactions were mild and in keeping with the 
lowered integral dose. 

While it has not yet-been demonstrated that any 
greater curative or palliative effects are to be ob- 
tained, the 70 mev. beam of roentgen rays is useful, 
especially for treating deepseated cancer.—7. C. 
Moore, M.D. 


Abstracts of Radiological Literature 


1013 


McGurr, PAUL E., DETERLING, RALPH A., JR., 
GOTTLIEB, LEONARD S., Fanta, H. DARIUSH, 
BusHNELL, Davip, and Rorser, FreD. The 
laser treatment of experimental malignant 
tumours. Canad. M. A. F., Nov. 21, 1964, 
97, 1089-1995. (From: Department of Sur- 
gery, Tufts-New England Medical Center; 
Mallory Institute of Pathology, Boston City 
Hospital; and Advanced Development Lab- 
oratory of the Raytheon Co., Wayland, 
Mass.) 


The laser, an intense beam of energy in the form of 
photons of light, has been developed in the last 4 
years. This light has the unique characteristics of 
being coherent, monochromatic and capable of high 
intensity. 

The authors used this intense light energy to treat 
20 different types of malignant tumors, experimen- 
tally implanted in the cheek pouches of Syrian ham- 
sters during the past 2 years. One half of the hamsters 
were subjected to laser energy and the other one-half 
were kept as controls. 

Superficial melanotic and amelanotic malignant 
melanomas responded favorably. In implants of 
thyroid carcinoma of human origin likewise gratify- 
ing results were obtained. 

The thermal decay time, the time required for a 
tumor to return to normal temperature after reach- 
ing a maximal temperature, was found to be 6 to 12 
times greater for tumors treated with laser energy 
than for tumors treated with cautery. The pattern of 
healing was also found to be completely different. 
The effect of laser energy on normal tissue was mini- 
mal and healing was rapid while in certain types of 
malignant tumors it has been found to produce re- 
gression or complete dissolution. This was explained 
by the theory that the laser energy may inactivate or 
change the specificity of an enzyme essential to the 
tumor's metabolism. 

The authors discuss their experience with laser 
therapy in 4 human patients. Complete and total 
dissolution of the tumor tissue was lacking in some of 
these cases, indicating that higher energies may be 
required than were used in the animal experiments. 
The point is made that it is likely that a more pro- 
found biologic effect may be obtained with a laser of 
lower wave length than that provided by ruby. 

Sixteen photographs and a conceptual drawing are 
included in this article.—Kenneth M. Nowicki, M.D. 


CHAVANNE, G., CALLE, R., and Garro, I. Le 
cancer mammaire “bilatéral d'emblée," dé- 
couverte de la deuxiéme localisation par la 
mammographie bilatérale systématique. 
(Concurrent bilateral breast carcinoma; dis- 
covery of the second localization by sys- 
tematic bilateral mammography.) 7. deradiol., 
d'électrol. et de méd. nucléaire, Aug.—Sept., 
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. 1964, £5, 447-450. (From: Fondation Curie, 
Paris, France.) 


The authors believe that any roentgenologic inves- 
tigation of the breast must obligatorily be bilateral, 
since this may allow the discovery of a second carci- 
noma on the opposite side. 

- Among 2,000 patients with carcinoma of the breast 

so studied at the Curie Foundation, 19 were discov- 
ered to have provable malignancies on the contra- 
lateral side. This 1 per cent incidence is consistent 
with reports by other observers; actually, however, 
the true incidence is closer to 2 per cent, since some 
tumors are missed and others are excluded from the 
series for lack of histologic proof. 

Roentgenologically the lesions may have a smooth 
contour, may have a stellate nodular appearance, or 
exhibit micro-calcifications without visible tumor. 
With proper technique one can hope to identify 
lesions down to § or 6 mm.—Frank A. Riedel, M.D. 


RADIOISOTOPES 


ROSENTHALL, LEONARD. A fifteen minute test 
of the rate of thyroid trapping of radio- 
iodine. F. Nuclear Med., Sept., 1964, 5, 657- 
663. (From: Department of Radiology, 
Montreal General Hospital, Montreal, Que- 
bec, Canada.) 


Previous studies of the early uptake of I by the 
thyroid gland used the percentage of the adminis- 
tered dose accumulated in the gland at a certain time 
as an index of functional capacity. The present study 
used continuous counts made over the thyroid gland 
on a strip chart recorder after the intravenous injec- 
tion of about 20 uc of I, The ratio of the net counts 
at 15 minutes to that at 5 minutes was determined 
and the ratio was called the trapping index (Ru). The 
Ry is a relative rather than an absolute measurement 
and is independent of the administered dose. 

The upper euthyroid limit of Ri; was found to be 
1.34. The lower hyperthyroid limit of Ris was 1.24. 
Approximately 95 per cent of the euthyroid cases 
were between an Ry of 1 and 1.3; 83 per cent of the 
cases with an Ry of less than 1 were hypothyroid. In 
the 35 hypothyroid cases studied, 71 per cent had 
an Ry of less than 1. 

The relationship of Ry to the Tu uptake is: Log 
Ry =0.292 log T'44—0.334. The coefficient of correla- 
tion is 0.87 if the R is not less than 1. 

The trapping index (Rus), the 24-hour uptake (Ty) 
and the clinical state were compared in 310 patients. 
The Ry was superior to the T4 uptake in separating 
hyperthyroidism from euthyroidism. Nine per cent of 
the hyperthyroid cases were within normal limits 
with Ris, as compared with 38 per cent for Ty. The 
T was slightly better in distinguishing euthyroidism 
from hypothyroidism. 

'The effects of TSH stimulation and T3 suppression 
can be determined within 15 minutes using the Ry, 
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test. The Ry test can be quite helpful in studying the 
pathophysiology of thyroid disorders, such as iodine. 
induced goiters, large nontoxic goiters and toxic 
adenomas. 

A partial extravasation of the injected I™ is the 
major source of error in the Ry test. The Ry is rela- 
tively insensitive to small changes in the crystal-skin 
distance, I! can be used instead of I!5 if the Tx 
uptake study is not needed and the thyroid would 
receive about 1/30 the amount of irradiation.— 
Charles W. Cooley, M.D. - 


KEIDERLING, W., Emricu, D., Hauswarpr, CH., 
and Horrmann, G. The use of radio-iodine in 
the reduction of euthyroid goitres. German 
Med. Monthly, July, 1964, 9, 265—269. 
(Address: Medizinische Universitatsklinik, 
Hugstetterstr. 55, Freiburg i. Br., Germany.) 


According to Bergfeld so per cent of the urban 
population and 75 to.100 per cent of the rural popula- 
tion of Southern Baden have endemic goiters. 
Whereas in Switzerland the compulsory addition of 
iodine to'food salt provides goiter prophylaxis, such 
measures are lacking in Western Germany. 

A total of 379 patients with euthyroid goiter was 
treated by radioactive iodine from 1952 to April 
1963. 

The following were considered indications for 
attempting to reduce the size of the thyroid by radio- - 
iodine therapy: (1) Marked subjective mechanical 
complaints. The most prominent complaint was 
dyspnea on exertion or lying down; (2) objectively 
demonstrable mechanical pressure manifestations 
such as radiologic evidence of narrowing or displace- 
ment of the trachea, stridor or venous congestion in 
the neck; and (3) inadvisable operation because of 
associated disorders or refusal by the patient for 
personal reasons. 

The fulfilment of the following criteria was re- 
quired before I! therapy was undertaken: (1) the : 
estimated weight of the gland should exceed 5o 
grams; (2) minimum age of the patients should be 35 
years; (3) the patient must be euthyroid both clini- 
cally and in the two phase radioiodine test; (4) the 
maximum radioiodine uptake by the thyroid should 
be 45 per cent or more of thé tracer dose; and (5) the 
scintigram taken during the radioiodine test should 
show a homogeneous distribution of the tracer dose 
throughout the thyroid gland. Patients with “cold 
nodules" were usually submitted to surgery and only 
treated with radioiodine in exceptional circum- 
stances. 

The dose was 15,000 to 18,000 rads per gram of 
thyroid gland. The treatment was repeated in 3 to 4 
months if inadequate results were obtained after the 
first treatment. Three-fourths of the patients re- 
quired on the average a single dose of up to 20 mc I", 
The total dose did not exceed 40 mc in 85 per cent of 
patients. 
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Patients with marked narrowing of the trachea 
vere given prophylactic prednisone to prevent fur- 
her narrowing of the trachea which might result 
rom radiation thyroiditis. 

Objective improvement was estimated by decrease 
n gland size, neck circumference and pressure mani- 
estations which occurred in two-thirds of all pa- 
jents. 

'The incidence of side effects was low. Five per cent 
ff patients developed mild radiation thyroiditis 
vhich usually subsided spontaneously. Two patients 
equired tracheotomy following development of 
icute dyspnea. Clinical manifestations of hypothy- 
‘oidism were observed in 1.6 per cent. 

The more serious the pressure manifestations were 
efore therapy, the greater was the likelihood of a 
avorable result. 

Radioiodine therapy would thus appear to be the 
nethod of choice for the treatment of recurrent 
zoiter and in patients over 30 years of age with goi- 
:ers which are either inoperable or entail an increased 
»perative risk.—David Morse, M.D. 


Jaynie, Tuomas P., Orre, WiruiAM K., and 
Wricnt, James C. Visualization of a hyper- 
functioning parathyroid adenoma using Se” 
selenomethionine and the photoscanner. 7. 
Nuclear Med., Sept., 1964, 5,710-714. (From: 
Department of Internal Medicine and Nu- 
clear Medicine Service. The University of 
Texas Medical Branch, Galveston, Texas.) 


_ Radioactive isotopes have recently been used to 
study the parathyroid glands. Co By, and Se” 
selenomethionine were found to be concentrated in 
the parathyroid glands. Di Guilio, Sisson and Beier- 
waltes found that Co®’B,; concentrated 2 to 3 times 
zreater in the parathyroid tissue than in the thyroid, 
muscle or blood. They located a parathyroid ade- 
10ma preoperatively in 1 patient. 

The authors report a case of hyperparathyroidism 
n which a hyperfunctioning parathyroid adenoma 
was demonstrated near the lower portion of the left 
obe of the thyroid gland. A dose of 200 uc of Se!* 
selenomethionine was given and a scan of the neck 2 
hours later showed a concentration of radioactivity 
in the lower left neck in the region of the palpable 
10dule. Á photoscan was done and there was a 
marked increase in radioactivity in the region of the 
nodule. A thyroid scan was then done after a tracer 
lose of 100 uc of IY} and the scan was normal with no 
:oncentration of the I9! in the area of the nodule. A 
3X2 cm. parathyroid adenoma was removed at 
»peration. Tissue studies showed a five-fold increase 
n radioactivity. concentration in the parathyroid 
idenoma over that of the thyroid, a three-fold in- 
crease over that of the muscle, and a six-fold increase 
over that of the blood. 

The authors have had two additional patients with 
yarathyroid adenomas and a small adenoma was 
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localized with the scan 4 hours after the injection of 
200 uc of Se” selenomethionine. A larger adenoma 
was not detected in the same patient. The scan was 
negative in the other patient. 

The authors did not use special diets and' drugs, 
and it is possible that they might enhance the test. 
They believe that further clinical experience using 
the Se'* selenomethioninelto demonstrate hyperfunc- 
tioning parathyroid adenomas 1s needed to determine 
a definite place for this procedure in clinical practice. 
—Charles W. Cooley, M.D. 


Janter, G. H., Epwanps, J. M., Goucu, M. H., 
and Kinmontu, J. B. Endolymphatic ther- 
apy with radioactive gold for malignant 
melanoma. Brit. M. 7., Oct 10, 1964, 2, 904- 
906. (From: St. Mary's Hospital, Padding- 
ton, and St. Thomas's Hospital Medical 
School, London, England.) 


Thirteen patients with malignant melanoma were 
treated by wide excision of the primary tumor fol- 
lowed by direct injection of radioactive colloidal gold 
into the regional lymph vessels and thus into the 
regional lymph nodes. Twelve patients had no evi- 
dence of distant metastases. Prophylactic lymph 
node dissections were not done. The basic technique 
employed for injection of lymph vessels was the same 
as is used for diagnostic studies. The volume of radio- 
active colloidal gold (Aw!) injected ranged from 
0.25 to 2.8 ml. overa 5 minute period. The latter part 
of the volume was injected to cause more extravasa- 
tion in lymphatics. Doses ranged from 16 mc to 7o 
mc, giving a calculated dose of 20,000 rads to 70,000 
rads to the lymph nodes. The higher doses were used 
later in the study. 

Follow-up periods ranged from 1.5 to § years. 
None of the 13 patients developed lymph node me- 
tastases, Of 8 patients treated with wide excision of 
the primary melanoma between 1957-1963, 7 have 
developed lymph node or more distant metastases 
and 6 have died. | 

Because of the promising results of the study, the 
authors believe that a large scale trial on a statistical 
basis is warranted. Such treatment may offer a satis- ` 
factory means of treating|Stage 1 cases of melanoma 
for which treatment has been most difficult to plan 
and controversial in nature—William K. Littman, 
M.D. 


Harris, C. C., Jorpan, J. C., SATTERFIELD, 
M. M., GoopxicH, Jack K., Srone, H. L., 
and Hinr, Resecca! A collimator for scan- 
ning with low-energy photons. 7. Nuclear 
Med., Sept., 1964, 5, 653-656. (From: Oak 
Ridge National Laboratory, Oak Ridge, 
Tenn., and University of Mississippi Medical 
Center, Jackson, Miss.) 


Collimators furnished with commercially available 
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scanners were found to be unsatisfactory for scanning 
experiments using gamma energies in the 30-90 kev. 
range, or such as those produced by P, CsMt or 
Hg!?, The counting rates were low and the ability to 
show small areas of activity was poor. The collima- 
tors were designed for the 280-410 kev. range. The 
septa were not thick enough for the higher energies 
and were too thick for the lower energies, resulting in 
jow transmission. 

'The authors needed a collimator for cardiac scan- 
ning experiments using Cs, A collimator was de- 
signed and assembled using tapered hexagonal tubes 
made of lead foil of a thickness of 0.005 inch. This 
thickness of foil was easy to work with and showed 


Abstracts of Radiological Literature 


APRIL, 1965 


little leakage at 50 kev. The hexagonal holes gave a 
IO per cent greater transmission than the round 
holes. A total of 109 full tubes and several split tubes 
was glued together to make a circle to fit the existing 
shield for the 5-inch diameter crystal. The collimator 
was unnecessarily long for the I" studies, but was 
reasonably good with Hg!*", The isoresponse curves 
for Hg” did not differ significantly from those for 
T except at the lowest levels. 

The authors concluded that this collimator will 
provide resolution quite comparable to that of a 3 
inch 61-hole collimator in the 70 kev. range, and with 
the advantage that the on-target count rate would be 
doubled.— Charles W. Cooley, M.D. 
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